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vee a Chlorination 

problem 
a Small Water Sup 

then you should 

the merits of the... 


NEW PARADON 
CHLORINIZER 


lst—The Chlorinizer i is entirely hydraulic in its operation. 

2ud—lIt has no moving parts. 

3rd—It will step and start automatically without any further at- 
tachments. 

4th—You control the flew of chlorine sclution by controlling the flow of 
a small water supply—the control unit is an ordinary water valve. 
The chlorine flow indicator i is an ordinary water gauge glass. 

5th—No water supply is too small, yet the Chlorinizer will readily 
handle supplies up to 150,000 gallons daily flow. 

6th—You can also use the Chiorinizer for applying other solutions in- 
cluding copper sulphate, acid, and so forth, commonly used in 
water purification and in swimming pool purification. 

7th—And, last but not least, the cost of the Chlorinizer is most 


reasonable. 
Send for Bulletin A-20 


PARADON MFG.cCo, 
Arlington, N. J. ibinage 
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Coy and Private Wa ter and Sewage Systems, 
Plants and Swimming Pools, 
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The Association is not responsible, as a body, for the facts and opinions 


rials, elgire 


By W. 


MATERIALS FOR CAST IRON PIPE JOINTSS 


C. MABEE? 


Materials for cast iron pipe joints may be classified in six divisions 


or types, (1) poured lead joints and precaulked lead joints; (2) self 
caulking sulphur base compounds for joints, such as “Leadite,” 
“Hydro-tite,” ete.; (3) cement packed joints; (4) rubber packed 
joints, such as the “Victaulic” pipe coupling and Dresser Sleeves; (5) 
bolted metal contact pipe, such as “‘Universal Pipe’’ and (6) —_— 
and belted joints. 

The term cast iron pipe is usually taken to mean the ordinary bell 
and spigot end pipe so commonly used for water distribution systems, 
usually cast in 12-foot lengths and usually joined together with lead 
joints. However, there are variations from these practices, pipes 
are sometimes cast with other than bell and spigot ends and in lengths 
exceeding 12 feet, and furthermore there are a number of alternates 


or substitutes for re as a jointing material. 


LEAD 


Lead is the time material for joining bell bind 
iron pipe. All water works superintendents are familiar with its 
use, and probably most of them still employ lead for this purpose, and 
may perhaps be prejudiced against the use of any other material. 


1Presented before the Indiana Section meeting, February 27, 1929. 
_ *Chief Engineer, Indianapolis Water Company, Indianapolis, Ind, 
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W. C. MABEE 
Economically lead is perhaps the most expensive type of joint, 
although it may be contended that its advantages, if admitted, will 
justify its additional cost. 
Precaulked lead pipe and fittings are now available, ranging in size 
from j-inch, through 8-inch diameter, in standard tnd and 
seem to be supplying a definite demand. 


SELF CAULKING ALTERNATES FOR LEAD 


Leadite has been used as a jointing material for thirty years. 
Hydro-tite has more recently been employed, and the writer recalls a 
jointing material with similar characteristics called ‘“‘Metallium.” 
Both of these substitutes for lead are made with a sulphur base and 
other materials. The makers of these materials claim an equality 
with lead and are able to show a substantial saving in cost of instal- 
lation. Joints made with this material require no caulking and no 
bell holes. 

Leadite and Hydro-tite are being used extensively as a jointing 
material where formerly lead was used exclusively, and in some 
instances both lead and leadite are employed with equal satisfaction. 
Some cities give the contractors the option of using either lead « or 


Leadite for jointing material. SAP all 


Ordinary Portland cement has been used on the Pacific Coast as a 
jointing material for pipes since 1886, having first been used at 
Redlands, California. It did not come into general use until about 
1911, and today it is used extensively by many large cities of the west 
and south-west. 

The Transactions of the American Society of Civil Engineers for 
1919-1920 contains a paper on the subject of “Cement Joints for 
Cast Iron Water Mains” presented in 1917 by Clark H. Shaw, 
Associate Member, American Society of Civil Engineers, with a very 
complete discussion by other society members. 

For those of you who are not familiar with this type of jointing 
material and do not care to take the time to refer to these papers, I 
will say that cement is still in favor among certain western cities. 
Only recently, I received a letter from the superintendent of a large 
Pacific Coast city, who informed me that cement joints had been used 
continuously in that city since 1917, that he had several times had 
occasion to raise or lower a pipe line with cement joints, and did so 
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without any leakage or damage to the joints. He also expressed the 
opinion that ‘‘the cement joint is fully equal to, and probably a little 
better than the lead joint.” 

aid ob we RUPPER oilt to of 

The Victaulic pipe coupling is now being introduced into this 
country, having first been used in England six or seven years ago and 
has been used more recently in Canada and other English possessions. 

The Victaulic coupling is a new type of easily and quickly installed 
coupling for steel or cast iron pipe. It consists of two metal half 
housings, an inner ring of special rubber composition and two bolts. 

The manufacturers of the Victaulic coupling claim that it is 
automatically leak-proof and can be installed faster and at less cost 
than any other type of coupling. 

The cast iron pipe when made for Victaulic couplings is cast with a 
shoulder on each end and there is no overlapping as with the ordinary 
pipe, the couplings are of malleable iron and are held together with 
two bolts. The rubber gasket or ring in this joint is so shaped that 
the internal application of pressure automatically increases the seal. 

I find upon investigation that this joint is effective in locations 
where a high degree of flexibility, expansibility or contraction is 
desired. 

The flexibility of the joint is especially desirable for locations 
along or across railroad tracks where the vibration of moving trains 
loosens the lead in bell-and-spigot pipe joints. 

The Dresser sleeve has supplied a demand for this type of joint for 


BOLTED METAL-CONTACT PIPE JOINTS” 
“Universal” cast iron pipe has been successfully used for many 
years. Universal pipe requires no packing, no caulking and no bell 
holes. The ends of the pipe are machined at slightly different tapers 
which permit a high degree of flexibility. The pipes are joined 
together with two bolts. I have seen a photograph of a line of pipe of 
this character which had been undermined, showing twelve lengths 
without support, yet this pipe line remained in service. 

The absence of all jointing materials in this type of pipe-line con- 
struction, and its flexibility, commend its use in many localities and 
under trying conditions. 


@ary to train the newer 
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FLANGED AND BOLTED JOINTS 


Water pipe was laid a quarter of a century ago with flanged joints, 
the pipes being one meter long; more recently flanged pipe in standard 
lengths have been laid in large cities for high pressure fire service. 
The rigidity of the flange joint renders its application to the ordinary 

_ water supply system impractical; this type of joint being most useful 
_ inside pumping plants. 
Pipe joints are designed to prevent wastage of water from leaks 
usually occurring where pipes are joined together. Leakage may 
occur after the joint is made from one of three general causes; (1) 
lack of ability of joint to adjust itself to the forces of expansion and 
contraction without damage, which requires that at frequent intervals 
facilities to permit the movement of these forces must be provided, 
(2) the loosening of the joint material from vibration, caused by 
moving loads or other forces or by internal shock induced by water 
_ hammer, (3) damage to joint by unequal settlement, due to disturb- 
ance of the pipe after installation. 
The leakage originating from the causes outlined are often of 


justifies all the consideration which may be given to this important 
subject. jo 


The tolerance usually allowed in well-built systems is two hundred 
Ee gallons per twenty-four hours per mile of pipe for each inch diameter 
a of pipe, and frequently, tests have shown much less leakage than this 
_ tolerance, where careful methods were employed in construction. 
On the other hand, if construction details are not under careful 
supervision the leakage may greatly exceed this tolerance. Again it 
is well known that underground joint leakage increases rather than 
_ diminishes, and there are many water departments recognizing this 
condition, who carry on systematic water-waste surveys continuously. 
Eternal vigilance applies to water works as well as to other matters. 


EFFICIENCY OF PACKED JOINT 


A test recently conducted by the water department of a large 
mid-west city showed that a 6-inch pipe capped and plugged with- 
stood a pressure of 40,000 pounds, or 1400 pounds per square inch 
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veh Indianapolis Water Company has used leadite exclusively for 


before fa So that, the 
advantage of bell-and-spigot pipe for the distribution system is well 
established. 

The packed joint has a high degree of flexibility which adapts itself 
to the forces of expansion and contraction, and quite satisfactorily 
to normal settlement and to slight lateral shifting of position. An 
unusual amount of settlement will, of course, damage the joint. 

Many will contend that because of the homogeneous and ductile 
character of lead permitting joints to be recaulked after the slippage 
of the joints, it is best adapted to pipes under pressure; on the other 
hand we find staunch supporters of cement for pipe joints and other 
less costly substitutes for lead. oleub 
ads 


The use of Portland cement for pipe joints has not, to my knowl- 
edge, spread beyond the Pacific Coast, although it has been many 
years since its use was first advocated. It is by far the least expensive 
material in use for making cast iron pipe joints for water distribution 
systems. 

Its application is quite simple, the cement being moistened slightly 
and rammed into place. 

Accurate alignment is essential, because of the limited space 
available for the jointing material. Its chief objection, so far as I 
can see, is the length of time necessary to permit aging of the cement 
before the line can be put into service, and the skill necessary tomake 
a successful joint. 


ff THE INDIANAPOLIS WATER COMPANY EXPERIENCE 
pipe line extensions since April, 1924. Previous to that time we had 
used some leadite experimentally and had also laid a number of pipe 
line extensions with Metallium, a similar compound. 

This Company was slow to recognize the merits of leadite; lead had 
been the jointing material used exclusively previous to 1924. It 
was dependable, the pipe crews were familiar with its use and there 
was considerable prejudice to overcome before the men were con- 
vinced that leadite would do the work of lead, do it more quickly and 
with less trouble. 

This mental attitude toward a new material was quite natural as 
these men had long been accustomed to using lead, and it was neces- 
sary to train them to the newer methods. = 
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Since the adoption of leadite this Company has laid over one 
hundred miles of mains with entire satisfaction, at a substantial 
- saving in pipe laying costs, and with the enthusiastic support of the 
pipe laying crews. 

Our experiences indicate, however, that there are certain limitations 
to the use of leadite, for instance, (1) we do not consider leadite 
_ practical in wet places where running water is flowing along the pipe, 
although we have found that by leaving a drain in the bottom until 
the water has been forced out and then by quickly placing clay over 
the drain, the joint can be made as with lead; (2) lead may be pre- 
ferred at pumping stations where the joints are exposed to the maxi- 
mum strain, due to pulsations of reciprocating machinery; with lead 
the joints if sprung can be driven up repeatedly, an advantage not 
_ possible with leadite; (3) grease and leadite do not combine, the 
is . grease or oil must be removed before satisfactory results are obtained; 
ze the ordinary greasy yarn or jute such as is used with lead should 
never be used with leadite; with a lead joint you may use tallow or 
lubricating oil to drive moisture out of a joint ahead of lead, but this 
cannot be done with leadite; (4) most of the leaks that appear with 
leadite. occur at the pouring gate; this may be caused by improper 
cleaning of the bell and spigot or by failure to fill the pouring gates; 
all foreign matter that may be adhering to the metal will be floated to 
the surface and may cause a leak to develop at the pouring gate 

_ because of porous leadite; (5) much greater care must be exercised in 

melting leadite than with lead; it must be heated only to the proper 
_ temperature; if overheated it becomes lumpy or ropy and will not 
pour freely; under those conditions a leadite joint is likely to be 
_ porous; if the temperature is too low the leadite will be ropy and will 
- not pour properly; (6) rain will interfere with progress as the flax 
packing must not be wet when leadite is poured. 
_ Heating of leadite is an art which must be learned by the kettleman; 
me when properly heated it has a smooth, glassy appearance and is free 
_ of bubbles. One day is sufficient time to train a melter, but he 
_ becomes more proficient with experience. 


Saving in time 


-109 ora 

Our experience also indicates that much time is saved by the use of 
leadite over lead; (1) the excavations for bell holes are eliminated, 
Be _ (2) caulking of joints is not required and (3) one or two blocks of 
 Jeadite joints can be laid out ahead of men pouring. 


atest of 


a 
A 4 
BS: 
“aN 
A 
3 
4 
a 
q 


4 


coating of the pipe, also all foreign matter having a tendency to stick 


Our maintenance crews prefer to use lead on all minor repair work, 
because of the greater convenience in small jobs; we do not find that 


there is any more trouble maintaining leadite joints than lead joints. 


Packing 


In the matter of packing, we have a decided preference for square 
braided hemp packing over rope hemp packing or jute. We find that 
strands of yarn increase the probability of leakage; variations in the 
diameters of hub and spigot pipe may necessitate the use of two 


strands of packing even in the smaller pipes. ge ET, 
ue 
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Speed 


Be _ Greater speed has been attained in laying pipe with leadite than 


with lead joints. One foreman reports having laid seventeen hundred 
feet of 8-inch pipe in a day after the ditch was ready. Our construc- 
tion superintendent reports having laid twenty-three lengths of 8- 
inch pipe and poured twenty-three joints with leadite in twenty- 
seven minutes, as a demonstration. bit w 


Lowering pipe 


_ Only recently our construction forces had occasion to lower about 
one mile of 12-inch pipe that had been laid with leadite joints and 


was done without developing leaks. Hnvibni 


Repairing leaks 


If a leadite joint is found leaking it can be repaired by chipping the 
leadite out back to the lead lock and filling the space with lead-wool 
caulked into the lead lock. Ordinary seeps that develop in leadite 
joints, or even slight leaks or small spurting streams have a faculty 
of automatically sealing themselves without any attention whatever. 

Approximately twenty miles of mains are laid in a season and the 
number of defective joints will usually be six or eight which are due 
to poor workmanship. This is no more than may be expected with 
lead. 


Preparation of joint 


~ Considerable care must be exercised in the preparation of a leadite 
joint. The spigot end of every pipe must be thoroughly rubbed with 
a fine wire brush to remove the scale and the gloss from the pitch 
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must be cleaned out thoroughly by scraping with a cold chisel, then 
thoroughly brushed so that the groove is perfectly clean; much of the 
pitch is removed by this cleaning process. Where a particularly 
good joint is required, this pitch should be burned off with a blow 


An advantage is claimed for leadite and hydro-tite over lead on 
pipe lines parallelling street car tracks in that the leadite is electroly- 
sis resisting, an advantage shared by cement joints, in that these 
materials tend to stop the flow of stray currents along the pipe; this, 
however, is a moot question. 


hen Wide joints 

—— laying pipes of large diameter, where the caulking space is ex- 
traordinarily wide, such as is frequently found in valves and fit- 
tings, we prefer to use lead joints that can be expanded by caulking. 

Our experience with leadite has included pipes from 6- to 24-inch 
diameter, working under pressures from 50 to 140 pounds per square 
inch. 

We frequently have inquiries concerning our experiences with 
leadite from an engineering and practical point of view coming from 
distant points, indicating a growing interest in this pipe-jointing 
material. ‘To these inquiries we have replied that leadite has given 


In making joints with lead the spigot end should be inserted to 
approximately the full depth of the socket and the space between the 
spigot and the hub should be equalized, running the joints with hot 
lead to a depth of 2 inches or more, up to 2} inches, depending on the 
size of pipe, after having yarned the joint with a good grade of hemp, 
thoroughly packed into the bell. 

After making the pour, the lead should be allowed to cool, and 
should then be caulked evenly and thoroughly, making a tight joint 
without overstraining the bell. 

Lead is heated properly when the color is a peacock blue or at 
about 625°F. 

The lead kettle should be in close proximity to the joint to be 


d-lock and hub enc 
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the pouring should be made without with one 
pouring if possible. 


The same precautions used for making lead joints apely to the 
sulphur base joint, such as lining up the pipes, cleaning, etc., but in 
addition all oil or grease must be removed and the pipe thoroughly 
cleaned with a wire brush. The braided hemp is especially adapted 
to this type of joint and should be tightly driven into the bell, per- 
mitting the leadite or hydro-tite to occupy 23 inches of space. 

It is important that the pouring gate be of metal and built up 6 or 8 
inches above the top of the bell in order to get ample head on the top 
of the joint, and that the joint runner and pouring gate be thoroughly 
clayed up to prevent the joint material from escaping during the pour. 

Special care is necessary in pouring to avoid air pockets; this is 
accomplished by pouring evenly and slowly so that the air escapes as 
the joint is filled. 


_ The jute must be free from oil or grease and a thin layer caulked 
into the bell as with lead. A small quantity of Portland cement is 
slightly nioistened so that when gripped in the hand it will hold the 
form of the grip, but which will crumble when dropped 12 inches; 
q 13 to 14 pounds of cement to 1 pound of water is required. The 
cement is then tamped into place by hand until the bell is about half 
full, a canvas having been spread under the joint to catch excess 
cement. It is then caulked with heavier blows until the cement is 
thoroughly packed in the back of the socket. This process is con- 
tinued until the bell is packed solid. 
_ The joint should then be covered with earth to protect it from the 
sun and air and is allowed to stand forty-eight hours before being 
subjected to pressure. 


c. Cement joints 


d. Victaulic pipe 


_ When installing Victaulic couplings, care must be taken to'see that 
a the rings are centered over the pipe ends and the couplings placed 
properly in the grooves at the ends of the pipe. 
A lubricant, such as graphite paste coating the ends of the pipe 
and the chambers of the housing facilitate the assembly. 

The full gap should be allowed in every other joint with the pipe 
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ends butting in the intermediate joint, to take care of expansion wil 


contraction. 


Universal Pipe and Flanged Pipe 
_ The pipe must be accurately lined up after the ends have been 
- cleaned thoroughly and the bolts then pulled up evenly to prevent 
‘ undue strain on the flanges, or injury to the pipe ends. 
Victaulic couplings 


The makers of the rubber gaskets used in this joint express the 
- opinion that these gaskets will live as long as the pipe on which they 
are installed. They have samples of this same rubber compound 
which have been buried in a gas service for forty-nine years and the 


rubber is still alive and resilient. 


Lead bollitei taiot 
A large eastern city recently tested joints made with lead, leadite 
and hydro-tite. The Leadite and Hydro-tite held at pressures up 


_ to 1000 pounds and the lead went out around 600 pounds pressure. 


Leadite 


A leakage test conducted on 1} miles of 30-inch pipe using leadite 
it: SS under 125 pounds pressure in an eastern city showed a leakage 
«of 81 gallons per inch diameter Lod mile of pipe when put in service, 


 _Hydro-tite 
Hydroitite is used quite extensively in the east. It has been 


A leakage test in an eastern city in May, 1927, on 13 
miles of 6- to 12-inch pipe showed an actual leakage equivalent to 
_ forty gallons per twenty-four hours per inch diameter of pipe. The 
manufacturers of Hydro-tite state that it has a tensile strength of 500 

pounds and a compressive strength in .excess of 4000 pounds per 


a 
3 

leakage test conducted on o mues of 20-inch pipe in a Fennsyl- 

eis se vania city with leadite joints showed a leakage of 59 gallons per day on 
a Cee per inch mile when first tested which was reduced to 36 gallons twenty- “ 

days later. a 
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4 ELEVATED TANKS FOR WATER WORKS SYSTEMS! | 


By T. Horton? 


There is a Committee of this Association engaged in lish aeermoneei 
of a specification covering the construction of elevated tanks and 
standpipes, before whom will come the technical aspects of the sub- 
ject. This paper will be confined, therefore, to a review of what has 
been done, and to my impressions of the probable trend in the de- 
velopment of these structures. I shall also restrict myself to steel 
tanks, although we know that reénforced concrete has been tried, 
and a glance almost anywhere reveals many wood tanks. However, 
the wood tanks are comparatively small, and the concrete structures 
have not been found generally satisfactory. 

Prior to 1880 there was practically no elevated storage, probably 
because at that time only our larger cities had the benefits of a public 
water supply. Such systems as then existed were operated by di- 
rect pumping. Some plants were provided with tall standpipes of 
extremely small diameter, not for the purpose of storage, but to serve 
as regulators for the pumps. Undoubtedly the aggravations at- 
tendant upon direct pumping soon demanded storage and naturally 
the diameter of the little standpipe was increased so that the water 
contained in the upper part would take care of peaks and tide over 
interruptions. 

There then followed a period of great activity in water works con- 
struction, during which all our small cities and many villages in- 
stalled plants, practically all of which were designed for intermit- 
tent pumping with some form of elevated storage. Standpipes were 
largely used. In the middle west wood tanks on wood towers ap- 
peared, soon to be succeeded by steel towers. 

In 1893 there was illustrated in the engineering press the design of 
a hemispherical bottom elevated steel tank built at Laredo, Texas. 
This structure was designed by Edward Flad, Consulting Engineer 


f 1 Presented before the Toronto Convention, June 28, 1929. aye 
it. 2 President, Chicago Bridge and Iron Works, Chicago, Wl. ; 
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of St. Louis. Mr lad has told me that this edie was _ 
original. To him, therefore, should be accorded all credit for the 
original conception of a steel tank with a suspended bottom. 

Interested as I then was in the construction of steel standpipes 
and in steel towers for the supprt of wood tanks, the possibilities in 
a combination of the two were quickly grasped. It did not require 
any profound calculations to show that if the upper part of the stand- 

_ pipe, which provides the only effective storage, could be supported 
on a steel tower it could be done at far less expense than that neces- 
sitated by building the standpipe down to the ground and provid- 
ing the necessary foundations. 

Construction in the decade following the year 1895 was in a tran- 
sition stage. The elevated tank immediately appealed to some 
engineers; others insisted upon wood tanks; many would have noth- 
ing but a standpipe. Old records will show numerous examples of 
standpipes built only 10, 12, and 14 feet in diameter over 100 feet 
high the cost of which was more than elevated tanks of approximately 
double the effective capacity. 

Arguments as to the relative merits of elevated tanks and stand- 
pipes no longer exist. Decision is now reached upon the engineer- 
ing opinion as to the best and most economical method of obtaining 

the desired storage. 

The most economical form of a simple storage tank—by which I 
_ mean a tank supported directly upon the ground or upon foundations 
if necessary—is one in which the height and diameter are approxi- 
a mately the same; provided the height does not exceed 50 feet. If a 
greater capacity is desired than can be contained in a tank 50 feet in 
diameter and 50 feet high, then the diameter only should be increased 
_ to obtain the desired capacity. 

This, to be sure, is only a general statement, subject to several 

variable factors such as thickness of bottom and roof, allowed unit 

stresses, and cost of foundations. 

The oil industry presents the greatest demand for storage tanks. 
‘ Elaborate studies in connection therewith indicate the most eco- 
-nomical height to be from 46 to 48 feet. These tanks are univer- 
sally built directly upon the ground, the only foundation work 
usually done being the removal of the top soil and leveling of the 
exposed surface. 

_ I think it not amiss to call to your attention this fact that most of 
the sorage wake of the world are built with so little foundation 
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ions as are usually placed under water tanks. 
Elevated steel tanks of earlier years were practically all built with 
hemispherical bottoms. A few conical bottoms were tried out and 
discarded except in special instances, the most notable being those 
for railroad service. 

As demands for ever increasing capacities developed, certain in- 
herent difficulties in the hemispherical bottom tank appeared. If we 
endeavored to limit the total height of a tank in order to prevent an 
undesirable range of head, the diameter would become so great that 
the bottom would be out of all proportion to the cylindrical part of 
the tank. For example, should we be called upon for a hemispherical 
bottom tank containing 1,000,000 gallons and having a total height 
of 40 feet, the tank would be all bottom; because 1,000,000 gallons 
is the capacity of a hemisphere 80 feet in diameter. The same con- 
dition would prevail in an effort to store 2,000,000 gallons within 50 
feet. We obviated these difficulties, in part, by making an ellip- 
soidal bottom, the vertical depth of which is but half that of the 
hemisphere. 

An ellipsoidal bottom tank answers very well in capacities up to 
500,000 gallons, constitutes an improvement in all sizes, and is the 
explanation of why so many of our large tanks have been so built. 
Unfortunately some of the stresses in an ellipsoidal bottom are com- 
pressive rather than tensile. These compressive stresses in tanks of 
over 1,000,000 gallons capacity are of sufficient magnitude to neces- 
sitate an increase in the depth of the bottom, causing an increase in 
the range of head, and thus setting up a vicious cycle. More simply 
stated, when there is a limit to the total height of a tank, there is also 
a limit to the size of that tank if it be of the suspended bottom type. 

It is not practical to build a hemispherical bottom tank containing 
more than 175,000 gallons, nor an ellipsoidal bottom with more than 
300,000 gallons, the total height in each case being limited to 25 
feet. While we have not as yet been called upon to build many 
tanks so limited, it is not unlikely that the future will bring such 
calls. 

Only recently have those advantages of elevated storage, known 
to obtain in a small plant, been considered applicable to our larger 
systems. (Witness the paper on this subject presented by Nicholas 
S. Hill at the Buffalo meeting of this Association; also one presented 
to the Rocky Mountain section by Donald H. Maxwell, of the firm of 
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Alvord, Burdick and Howson; as well as many actual installations, 
such as those at Detroit, Charleston, San Antonio, Tampa, and 
others.) I am told that for such service the less the variation in 
head the better. Theoretically, the maximum head should also be 
the minimum; or perhaps better stated, the minimum head required 
should also be the maximum. 

Pumps operate at their highest efficiency against a constant head. 
Pumping against additional head involves useless expenditure of 
energy, and, where power is purchased, easily reducible to exact 
figures. 

These conditions show that in determining the proportions of a 
tank, operating costs should be considered. In any city where ele- 
vated storage is under consideration, certain practical problems are 
at once presented to the engineer in charge. Studies must be made 
to determine to what extent it may be economical to limit the range 
of head. Once that limit has been fixed, there arises the question as 
to whether the storage will be better provided by the installation of 
many small tanks, or by fewer large ones. Very likely it will be 
found that the larger units are preferable: furthermore, that the 
size of these units will exceed the limit of any possible suspended 
bottom tank. 

The impression is prevalent that a suspended bottom tank is the 
only practical, at least the most economical, form. For many years 
I so believed. This impression is true as regards all ordinary sizes. 
It is also true if the height of a tank be unlimited. Not otherwise. 

The fundamental economies in suspended bottoms obtain by mak- 
ing use of the inherent strength in the bottom plating, and in lesser 
degree to the fact that a hemisphere or ellipsoid requires the least 
surface to contain a given volume. 

The suspended bottom, due to the refinements required in its con- 
struction, is the most expensive part of a tank, and as its size is in- 
creased greater stresses necessitate heavier material. It is evident, 
therefore, that a point will be reached at which the additional mate- 
rial required in a suspended bottom will more than offset the cost of 


beams and girders necessary to support a flat bottom. At this point 


the economies in a suspended bottom tank disappear. 

I have recently studied this subject sufficiently to announce that 
tanks over 1,000,000 gallons in capacity may be built with flat, or 
approximately flat, bottoms, which will cost less than tanks of the 
same capacity with suspended bottoms. 


Stated more specifically, 
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and of course referring to equal capacities, I am sure that an elevated 
tank with an approximately flat bottom, the height of which will 
not exceed 25 feet, can be built for less than can an elevated tank 
with suspended bottom, the total height of which will be more than 
50 feet. I presume you understand that my references to the height 
of a tank apply to the tank only, and not to the height of the sup- 
porting tower. 

There is seemingly a growing demand for tanks limited in height 
in order that the range of pressure may be reduced. I know of two 
tanks built during the past year, each 1,000,000 gallons in capacity, 
one of which is only 8 feet high, and the other 24 feet. Both were so 
constructed for the reasons cited. 

I think this discovery, viz. that we may radically change the form 
of our larger tanks from that heretofore used, to one which will re- 
duce operating charges and at the same time effect an actual first 
cost saving, is most important. It will, I hope, prove of practical 
benefit to those members of this Association who have before them 
the problem of elevated storage. hiserny of T 
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LEAK SURVEYS OF THE SPRING VALLEY WATER 

_ By V. E. Perry? 

Leaks may be classified under two headings, one in which the 
utility is responsible, and the other in which the consumer is respon- 
sible. It is with this latter class that this paper deals. I will give 
you our experience of two surveys, one in 1913 and the other in 1924. 

Early in 1913 when it became apparent that we would be faced 
with a water shortage, our Chief Engineer, Mr. G. A. Elliott, decided 
to make a leak survey, using the “aquaphone’”’ for testing the premises 
and following up with a visual inspection of all premises where leaks 
were reported. 

The present writer was placed in charge of both inspections and 
organized a force of night inspectors who operated between 12:30 
and 5:30 a.m. The night inspection consisted of an aquaphone 
test on the house piping, and all premises that gave signs of leaks 
were carefully listed on cards and turned over to the foreman and 
delivered by him to the Company office. These were then given to 
day inspectors who made an inspection of all fixtures both inside and 
outside the premises, and defective fixtures were pointed out to the 
consumers. After two weeks another night inspection was made and 
if necessary a second notice was served on the consumer. As a 
general rule, the second notice was not required as repairs were made 
after the first warning. The night inspectors averaged 14 services 
per hour, and the day men examined 6 houses per hour on an average. 

At the time of the first survey in 1913, the Company had 63,016 
services which were about 30 per cent metered. The then meter rate 
applying only to commercial uses, except that where the Company 
suspected waste, we were permitted to install meters and collect for 
all water used in excess of 50 per cent over the flat rate charges. 

Considerable difficulty was experienced in locating the curb cock 


1 Presented before the Superintendents’ Round Table Discussion, the San 
Francisco Convention, June 11, 1929. 

2? Manager, Water Sales Department, Spring 7 Water Company, San 
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LEAK SURVEYS OF SPRING VALLEY WATER COMPANY 


and occasionally the inspector had to make his test wherever the 
house-piping was exposed. Sometimes it was necessary to enter back 
yards to locate the exposed piping and several of our inspectors were 
chased to a safe position on a high board fence by some well meaning 
and highly efficient. watch-dog. Frequently the police were called 
upon to catch an alleged house-breaker, porch climber, or burglar, 
according to some highly excited or nervous person who had been 
awakened either by the barking dogs or by our inspectors’ operations. 
The Police Department was regularly informed as to our movements 
and were able to allay the fears of those who informed them of the 
trespass. 

Each inspector was furnished with a badge, a lantern, and an aqua- 
phone, together with a letter addressed to the Police Department to 
be used only when other means of identification failed. 

Of the 43,444 flat rate services examined, 25,419 or 58.6 per cent 
showed evidence of leaks, and our final inspection showed that 23,372 
or 92 per cent of these had been repaired. The balance was either 
covered by meter or too small for further follow-up. 

About eight months were required to make the survey which began 
April 1 and was finished by the end of November. The result of this 
survey on the consumption shows that at least 1,200,000 gallons 
daily were conserved during 1913. However, the survey also had 
its effect on the following year’s (1914) consumption with a total 
saving of at least 3,000,000 gallons daily or about 8 per cent below 
what it would have been if allowed to proceed unchecked. 

In 1924, the Company was again faced with a water shortage, due 
to several dry or lean rainfall years, and in order to conserve the 
supply it was deemed advisable to make another leak survey. 

In addition to the methods used in the 1913 survey, a publicity 
campaign was adopted, consisting of letters to consumers, advertise- 
ments through the daily press and, to reach consumers who do not 
read English, advertisements were placed in the foreign language 
press, consisting of Russian, Chinese, Greek and Japanese. Printed 
cards were also placed in all hotel and apartment house lavatories. 
These cards called for cooperation to prevent waste and were very 
effective. 

In the latter survey, the aquaphone test was made at the curb, as 
all services had been 100 per cent metered in 1918. 

The survey was confined to the older residence districts of the City, 
the theory being that the waste would most likely be in that part of 
the City where the plumbing was oldest. Of the 86,602 metered 
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services, only 27,407 were tested or about 32 per cent. Of these 
tested, only 2,655 or 9 per cent were found leaking or wasting. The 
segregation is as follows: 


ae Residential services tested.......... 15,725 Leaking....... 1, 446 

bes Commercial services tested.......... 11,682 Leaking....... 1, 209* 

+ 

27 , 407 Leaking. ...... 2,655 

Regular commercial services 852 
wh Miscellaneous services 338 


The fact that only 9 per cent of the services tested showed evidence 
of waste speaks well for meters, for, as above stated, the 1913 survey 
made only on unmetered services showed leaks in 58 per cent of the 
services tested. 

Owing to the fact that the 1924 test was made on metered services, 
with meters sitting at the curb, our inspectors tested 45 per man per 
hour as against 14 per man per hour in 1913. The day inspections 
were 4 per man per hour in 1924 as against 6 per man per hour in 1913. 
The difference here was due to the distance between houses to be 
inspected. 

The water conservation amounted to about one m.g.d. in 1924, 
and as in 1913, the 1924 survey was also felt in the following year’s: 
(1925) consumption, as the conservation amounted to about 1.3 
m.g.d. 


per man per hour in both surveys. 


1913 1924 
Total number SOrvices iM) USC... 63,016 86 , 602 
Number services 43 , 444 27 , 407 
Percentage of total services surveyed.............. 68.9 31.6 
Number of services wasting........................ 25,419 2,655 
Percentage services wasting....................... 58.6 9.7 
Number services surveyed per man per hour....... 14 45 
Number leaks inspected per man per hour......... 6 4 
Percentage of services metered.................... 31.0 100.0 


The following comparative table gives the number of services in. 
use, surveyed, and found wasting; also the amount of work performed | 
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PREVENTION OF PITTING IN LOCOMOTIVE BOILERS BY 

EXCLUSION OF DISSOLVED OXYGEN FROM 
FEEDWATER! 
By C. H. Koyz? aged 

When the fundamental causes of corrosion are so well understood 
as they are today, including rusting, pitting and grooving in boilers, 
the story of a railroad water engineer’s groping in the dark ten years 
ago is apt to be tedious, even though the result of that groping has 
been the prevention of corrosion of all kinds in a locomotive boiler 
for four years on a district where pitting is so bad that a companion 
boiler in those four years has lost more than two complete sets of 
tubes to the scrap heap. But the story is that of an engineer and 
not of a chemist. 

The ordinary duty of a boilermaker on a railroad is to see that the 
flues and tubes are water-tight under boiler pressure where they are 
secured to the flue sheets, back and front, and, if there is noticeable 
corrosion on that district, to watch carefully for the first signs of pit 
holes breaking through. 

But these same boiler men are the only persons who are likely to 
see the inside of the boilers of that district at less than yearly inter- 
vals. If it is desired to know the pitting-and-grooving characteris- 
tics of different districts it is upon the intelligent observation of these 
men that reliance must be placed. Fortunately, in the case of most 
of them, in order to get their hearty codperation it is merely neces- 
sary to point out other observations which should be made and ex- 
plain the reasons for them. 

Ten years ago I had the active and interested assistance of such a 
boiler foreman and crew at a roundhouse in a bad-pitting district in 
Montana. Trains from three directions and using three different 
kinds of waters came to this roundhouse, and it was explained to the 
men that at least monthly examination should be made of a few 


1 Presented before the Boiler Feed Water Studies Committee session, the 
Toronto Convention, June 25, 1929. 

2 Engineer, Water Service, Chicago, Milwaukee, St. Paul and Pacific Rail- 
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flues from boilers from each of these three districts to observe the 
beginning and progress of pitting in each, as distinguished from the 
usual method of allowing a boiler to run until one or more flues were 
pitted to destruction, by which time it was too late to observe the 
characteristics of the action. 

It was very interesting and instructive to note the differences in 
pitting results in these three sets of boilers which these men soon 
began to report. For instance, on one set of boilers taking every day 
one water containing a weak organic acid, it was soon reported that 
pitting was appearing on the back or hot end of the tubes, and a little 
later that the pitting was slowly working forward on the tubes, and 
in twelve to thirteen months that the tubes were pitted from end to 
end. About this time the pits in the back ends were getting deep 
enough to be dangerous, and soon thereafter the gradual removal of 
these tubes began. 

But the most interesting reports, from the standpoint of this paper, 
were from the boilers on another district where all the waters were 
treated with lime and soda-ash for softening and were lightly over- 
treated so as to provide three or four grains per gallon of caustic soda 
to keep the tubes clean and to guard against accidental under-treat- 
ment at any one plant. 

On this set of boilers the pitting commenced at the front end of 
the tubes, near where the water is admitted, and progressed slowly 
backward toward the firebox end of the boilers, but never reached 
further back than halfway and seldom further than one-third-way. 

Since the object of these observations was to learn the differences 
in pitting produced by different waters and to found on them some 
consistent theory of prevention, the question at once arose ‘‘why 
do not these treated-water boilers pit in the back end?” We all 
understood in those days that pitting was the result of difference of 
electromotive force between adjacent parts of a flue and that this 
electrical difference was itself due to chemical or physical differences 
in the metal surface. But the absence of pitting in the back end of 
the boiler could not be due to any lack of electrolytic force, because 
in the front end where the pitting occurred there was no metal but 
steel, while in the back end the steel tubes were secured in the back 
flue-sheet by copper ferrules, and the electromotive force from steel 
to copper is so great that in ordinary water where there is little other 
pitting the steel tubes are always corroded under the copper shims. 
Neither could it be due to temperature difference, because pitting is 
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always greater at higher temperature and here the pitting was in 
the front ends of the tubes where the temperature is lowest. 
After a time it appeared certain that the cause must be something in 


the water which enters the boiler through a check valve near the front 
end, at the injector temperature of 200°F. or less, and is gradually 


raised in temperature as it works backward toward the firebox, and 
that this ‘‘something’”’ must have been used up or have escaped to 
the steam-space by the time the water was halfway back to the fire- 
box. 

About this time we noticed that the switch engines in the yard 

pitted as did the road engines, but that the stationary boilers, using 
the same treated water, but through an open feedwater heater, 
pitted scarcely at all; and we came to the conclusions that our “‘some- 
thing’ must be a gas capable of almost complete elimination at a 
temperature of about 200°F., and that the gas must be air of which 
the only active component is oxygen. 
' Tf in this treated water there is no pitting in the back half of the 
boiler because of the absence of oxygen, then it should be possible 
to free the front half of the boiler from pitting by driving the dissolved 
oxygen from the feedwater by means of a heater before the water 
reaches the boiler. It occurred to us that this should be a much 
simpler matter than to prevent pitting in a pipe or a stationary 
boiler by excluding most of the oxygen, because in a pipe none of 
the oxygen can escape to a steam-space and in a stationary boiler 
the boiling is so quiet that there is no comparison with the tumultu- 
ous conditions existing in a locomotive boiler where combustion per 
square foot of grate is ten times that in a stationary and the water is 
always in motion from the swaying of the engine. 

What a fine thing it would be if we could abolish locomotive boiler 
pitting by means which also save ten per cent of the coal and water 
used in transportation. On the larger locomotives that would be 
a saving of $2000 per locomotive per year in addition to the pitting. 

By this time there was on the market an open feedwater heater 
for locomotives which seemed to meet our needs. It was merely a 
cast iron box fitted to receive on one side cold water from the engine 
tank, delivered in a spray, and on the opposite side the exhaust 
steam from the cylinders, which otherwise would be wasted. This 
heating process occupies only one minute or so, and it is on record 
that water cannot be freed from dissolved air with less than twenty 
But gases from 
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_ a Solid mass of water and quite another to liberate gas from the ae 
soy of a fine spray impinging on a sustained stream of steam at a tem- 
perature between 215° and 240°F., and this heater had a 4-inch vent 
pipe for the easy escape of the liberated gas under the continuous 5 
to 15 pound pressure inside the heater. 

This locomotive open feedwater heater had been tested in the Al- 


_ under ideal conlisianss, it could extract 90 per cent of the dissolved 
oxygen, and it remained to learn whether 90 per cent reduction was 
sufficient for our purpose and whether, under ordinary railroad operat- 
ing conditions, we could come sufficiently near it to prevent pitting. 
For this purpose, in January, 1925, the Chicago, Milwaukee and 
_ §t. Paul Railway installed on its worst pitting district a locomotive 
with new tubes and fitted with one of these open feedwater heaters, 
and a companion engine, a mate in all respects except that it had no 
heater. The waters on this district are all softened with lime and 


of sodium sulphate and chloride is so great (averaging about 60 
_ grains per gallon as the water goes to the boiler) that there has still 
_ been heavy pitting on the regular boilers. Before the water was 
softened a set of flues lasted on the average twelve months, and 
after the waters were softened twenty-four months. 
_ When the feedwater heater engine was put in service the crew was 
_ carefully instructed in its operation and particularly to have plenty 
of water when stopping at stations so as not ‘to use the heater when 
_ there was no exhaust steam, nor the injector which would admit 
_ oxygen to the boiler; and not to use the heater pumps when drifting 
but to fill the boiler when climbing and there would be plenty of hot 
_ exhaust. The crew was also instructed to report to the roundhouse 
ak o foreman at the end of each trip any failure of the heater to maintain 


vent for gas. 

_ At intervals of two to three months’ operation a few tubes were 
removed for examination from the locations found most badly pitted 

: . in other boilers. The removals were from different places each time 


ane a careful account was kept. At first these tubes were replaced 


Loa For two and one-half years no pit was found on any flue, but at 
iS ee _ thai at time the necessities of service required the use of this engine on 
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‘another district where only part of the waters were treated, and the 

mixture in the boiler of soft and hard waters caused so much foaming 
that the new and inexperienced crew resorted to the injector for 
nearly a month. On return of the engine to the roundhouse one 
large pit and ten small ones were found near the front ends of two 
tubes. These tubes were replaced by new ones and the engine re- 
turned to service on the treated-water district. 

At the end of four years’ work, early last February, the boiler 
was dismantled and a thorough examination made of every tube and 
flue and the boiler shell. All the original tubes appeared practically 
the same as when installed in 1925; the new flues used in replacement 
were in the same condition, the spot-welded old tubes used in re- 
placement looked as when inserted in this boiler, the small pits clean 
and with no sign of increase of depth. At the conclusion of the ex- 
amination, with the exception of the second-hand replacement tubes, 
all tubes and flues were re-ended and put back in the boiler for another 
four years’ service. 

While this boiler, equipped with an open feedwater heater, has been 
free from pitting, the companion boiler, without a heater, has had all 
tubes removed yearly because of corrosion under the copper fer- 
rules, and at each removal the front-end pitting has been found so 
bad that less than 50 per cent of the tubes could be safe-ended and 
used again. 

There is no question but that in treated water there need be no 
pitting if the locomotive is provided with an open feedwater heater, 
or any other kind of heater which will exclude 85 per cent of the oxy- 
gen dissolved in the cold feedwater. 

No two waters taken by this engine have been exactly the same in 
mineral content, but a typical water may be said to contain, as ~. 
goes to the boiler: 


grains 
per gallon 


As this water concentrates in the boiler, it is blown down at inter- 
vals and the boiler is usually washed weekly: Just before washing, 
othe total dissolved solide in the water amount to about 850 8. p.g. 
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and the average water in the boiler during eo week may be stated 
as: 


grains 
per gallons 
15 


The temperature of the water as it goes from the heater to the 
boiler varies with the amount of work being done by the engine from 
a minimum of about 170° to a maximum of about 240°F; averaging 
about 215°, and the oxygen extraction varies accordingly from about 
— 60 to a maximum of about 95, averaging 80 per cent, and leaving in 
the water as it goes to the boiler about 1.00 cc. per liter. 

The advantage of abolishing pitting while we are saving ten per 
cent of the coal and water is so great that I am looking confidently 
_ for reports from other railroads. 
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F. B. Horstmann: . It i is the well founded opinion of most water 
engineers who have made a study of corrosion of locomotive boilers 
that the contributing cause of this corrosion is dissolved gases, par- 

4 ticularly oxygen. There need be no corrosion and pitting if the feed- 
_ water as it enters the water space of the boiler is fed exclusively with 
water from which practically all dissolved oxygen is removed. There 
are many methods that can be followed in removing this dissolved 
oxygen, thereby giving very desirable water, but the expense and 
uncertainty make some of these methods unsatisfactory. The 
‘ 4 simpler and more commonly used methods are as follows: 


Oxygen absorbing reagents, both organic and inorganic, that become oxi- 
dized or absorb oxygen in themselves, thus preventing oxygen reacting on 
the boiler metal. 
The open feed water heater properly operated which theoretically and prac- 
tically removes on the average about 90 per cent of the dissolved oxygen. 
The installation on locomotives of a device that is standard on a consider- 
able number of administrations of European railways where the locomotives 
are equipped with injectors, closed type feed water heaters, or both. This 
device, commonly known as a feed water purifier, has for its object the separa- 
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tion of the gases dissolved in the feed water such as air, carbon dioxide, etc., 
before the water enters the water space of the boiler so that the boiler is fed 
water that is considerably purified.”’ 


Because of this purification, the following objectives are obtained: 


1. The boiler plates and flues in contact with the water in the boiler are not 
subjected to corrosion and rapid destruction. 

2. The deposit of scale in the boiler is considerably reduced 

3. With the early precipitation of the scale-forming solids and arrange- 
ments provided for their collection, the super heater tubes, valves and cyl- 
inders are not subjected to destruction as the boiler is more free from foam and 
the steam does not carry solids. 


By the elimination of corrosion alone, the savings per year by large 
railway systems have been tremendous. 

The feed water purifier is built up from the following parts: 

1, Asteam dome arranged on the first course of the boiler to be constructed 
for the individual locomotive according to the railroad’s standard practice as 
a second or additional dome besides the dome for collecting steam. 

2. A feed water pipe leading from the boiler feed pump through the feed 
water heater into the purifier dome and ending here in an annular pipe which 
is provided with small perforations for discharging the feed water into the 
dome. 

3. A feed water pipe which conducts from the injector into the dome, the 
end of which is constricted to subdivide the discharged water into a fine stream 
or spray. 

4. A set of superimposed grates of angle sections which continue to sub- 
divide the feed water and delay its downfall into the boiler. 

5. Two water pipes or separating plates secured to the inner wall of the 
boiler for receiving the water from the set and extending substantially to the 
bottom of the boiler barrel where the water is discharged into the water space 
of the boiler in two streams running one against the other. 


Operation. The feed water supplied to the purifier dome by the 
feed water pipe has been heated from 190° to 220°F. in the feed water 
heater. Therefore, when discharged into the purifier dome, it will 
immediately condense such large quantities of steam that a rush of 
steam is formed which moves towards the top of the dome from the 
boiler at high velocity. The feed water discharged from the small 
perforations of the feed pipe, and finely subdivided by being thus dis- 
charged, is on its way into the boiler intimately mixed up with a 
tornado-like steam current blowing from the boiler towards the top 
of the dome. Due to this counter flow, the temperature of the water 
after leaving the perforated pipe, increases instantly and very rapidly. 
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When it arrives at the top row of the set, it has been heated to about 
290°F., at which temperature not only considerable of the gases are 
separated from the water but a majority of the scale-forming solids 
are precipitated. The water now flows down through the set while 
its direction is varied and subdivided and its particles are exposed to 
the rushing steam so that finally, upon leaving the set and before 
arrival at the water level, the feed water is heated practically to 
boiler temperature. Under these conditions, a majority of the 
scale-forming solids should be precipitated and, during this heating 
and purifying process, the speed of the rushing steam will be so 
great as to wash out the separated gases immediately from the 
dome into the steam space of the boiler from which they will be 
discharged with the steam flowing through the throttle into the 
cylinders to be exhausted into the atmosphere. 

Results. With the scale-forming solids in the feed water properly 
provided for, either by external or internal treatment, and with the 
mud which accumulates in the boiler regularly removed by the sys- 
tematic use of the blow-off, flues and sheets have been found practi- 
cally clean and have almost a bright metal surface after six months’ 
operation. 

Corrosion has never been found on the inner walls of the dome and 
the steam space of the boiler in locomotive equipped with the feed 
water purifier, but, in exceedingly bad corrosive water districts, cor- 
rosion starts on the top row of the easily and cheaply replaced angle 
sections. 

Should solids precipitated from the water iia on the set while 
water is flowing down or should purifier dome require inspection or 
any repairs, the opening cleaning, repairing and closing can be per- 
formed by two men in not more than two hours’ time. 

The water leaving the set of angle sections contains considerable 
separated or precipitated solids; in order to remove the majority of 
this residue from the boiler, the water is conducted down to the bot- 
tom of the boiler barrel by the two pipes or separating plates where, 
as the water, currents from the pipes meet in opposite directions, 
a sort of back water is formed which permits the solids to deposit in 
the mud pocket, where they are discharged by the blow-off cock. 

When the water is softened by lime-soda ash, zeolite or other 
methods of external treatment, the formation of scale is practically 
prevented but corrosion of sheets and flues often develops because of 
- removal of tl the rotective film of scale. In most seeenniias: 
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damage caused by corrosion and pitting is no doubt far greater than 

that caused by the scale-forming solids which existed in the feed water 

before the water was treated externally. 

_ In the treatment of boiler feed water by the internal method, 
where reactions develop under operating heat and pressure, the feed 
water purifier assists by the removal of excessive amounts of dis- 
solved gases and, at the same time, aids the internal treatment by 
speeding up the physical-chemical reactions. 

Regardless of the method used in conditioning water for boiler 
use, the feed water purifier appears to offer a most efficient method 
for reducing repair costs and extending the life of locomotives. pore 2 

F. N. Spe.tuer:* The interesting experience Mr. Koyl relates 
indicates a relationship between the hydroxide alkalinity and dis- 
solved oxygen in boilers that determines whether or not corrosion will 
be under control. It would be useful if the amount of free oxygen 
and alkalinity had been determined in the boiler water. In the case 
of the boiler using treated water, but operating without a deaerator, 
where the tubes did not pit on the back end, this may have been due 
to the alkalinity in this boiler being above the critical point for the 
oxygen content at the back end which was undoubtedly lower than 
at the front end, but not necessarily below 1 or 2 ce. per liter. This 
is one of the problems listed for investigation by the committee on 
boiler corrosion whenever means are available to start this work. 

Most cases of corrosion involve the building up and breaking down 

of protective films. Free oxygen is necessary as a depolarizer to 

maintain corrosion, but the amount of oxygen that is active in this 
way depends upon other factors, such as the hydroxide alkalinity 

(which builds a protective film rendering the surface passive) and the 

chlorine ions (which tend to destroy the protective film). 

In a water of lower alkalinity a further reduction in the free oxygen 
would be necessary, so that it follows that the protective relation that 
Mr. Koyl has worked out for the local conditions in which these two 
test locomotives were operating does not necessarily hold for other 
boiler conditions. Obviously more fundamental research would be 
useful to the water chemist as an aid in figuring the limiting con- 
ditions in any water which will result in prevention of corrosion. 
In high pressure stationary boilers operating with distilled water a 
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under 0.05 cc. per liter, so that even with such low oxygen contents a 
small amount of passifying reagent seems necessary. 
- -The'fact that the tubes in one of these boilers pitted at one end 
_ and not at the other again clearly indicates that the tube material is 
_of secondary importance compared with the composition of the boiler 
- water and the operation of the boiler, in controlling the rate of pit- 
ting and corrosion. Furthermore other economic advantages have 
- been pointed out from preheating the feed water that should be 
_ taken into account. To get the same results without partial deaera- 
tion and water treatment a much more expensive alloy steel of the 
_rust-resisting stainless type would have been necessary. 


R. E. Covucuian:® The preheating of boiler feed water is by no 
means a new idea. It has been practiced as long as the steam in- 
jector has been in use, because of the fact that the steam injector 
raises the temperature of the feed water as it is forced into the boiler. 
In fact, some of the railroads in the past have purposely used over- 
sized injectors in order to have the feed water enter the boiler at as 
high a temperature as possible. The difference in this method of 
_ preheating feed water and the present day feed water heaters is 
_ mainly one of temperature, venting and the use of exhaust steam. 

The unfortunate handicap of the use of exhaust steam is that the 
- human element and operating conditions have a large part in con- 


jad operating conditions. The hearty codperation of all of the men 
operating the locomotive must be secured or the good results reported 
one day will be offset by poor results on the next. This codperation 
must also include the round house forces even down to the laborer 
who fires up the locomotive. 

In the operation of the locomotive sufficient water must be in the 
boiler at all times so that feed water is pumped into the boiler only 
when exhaust steam is available, otherwise the proper temperature 
i _ cannot be maintained. ‘The injector must never be used except in 
emergency such as the heater pump not being able to keep up the 

5 Supervisor of Water Supply, Chicago and Northwestern Railway Com- 


slight amount of corrosion is found with the free ozygen in the feed 
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Any method which will eliminat: oxygen from the feedwater is a 
step in the proper direction in the prevention of corrosion. While 
we all realize that there are other factors responsible for this evil and 
that preheating the feed water is not the remedy in all cases, we do 
know in railway service it has been a great help in some cases while 
in other the results have been disappointing. Whenever it is pos- 
sible to get the boiler crews and locomotive crews interested to the 
extent as to really use their own initiative in seeing that devices of 
this nature are maintained and operated properly good results can 
be expected. As a general rule, the class of men in such service are 
second to none when you can show them it is to their advantage to 
go hand in hand on work of this nature, but even with the best of 
codperation the progress is necessarily slow, although during the past 
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aha PITOT TUBE IN WATER WORKS PRACTICE!” 
By G. D. 


The Pitot tube when used with manometers or other reading in- 
struments for the measurement of the velocity of water is a depend- 
able instrument. The measurement obtained is that at a point, that 
_ is, the velocity in feet per second at the point in the pipe line or canal 
where the tip of the tube is located. So long as the use of the Pitot 
- tube is restricted to the measurement of velocity, the results are 
certain. 

Unfortunately, to be of interest to the water works engineer, it is 


that is, for the determinations of the volume of water passing through 
a pipe in a given time. This greatly complicates the problem and 
unless the conditions are understood and proper geen taken, 


located, and the mean velocity across the pipe, that is, the velocity 
which in connection with the area of the pipe will give the actual 
flow in cubic feet or gallons. 

It is the purpose of this paper to explain the procedure used in 
determining the flow of water by means of a Pitot tube and then 
describe equipment satisfactory for the purpose. 

As previously stated, the Pitot tube is a device for determining the 
velocity of flowing liquids. The equation which applies to any Pitot — 


+ 
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coefficient, depending upon the design of the tube 
g = acceleration of gravity yeh 
= differential head in feet of liquid being measured 
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The simplest form of tube is one for use in an open stream. It igs 
illustrated in figure 1. 

As shown in the figure, the open end of the Pitot tube is pointed 
against the flow of the stream. The water rises into it to a height 
“th” above the surface of the stream, so that the water column bal- 
ances and measures the velocity head of the flowing stream. 

If a tube of this sort is inserted in a pipe containing water flowing 
under pressure, such as illustrated in figure 2, the water column in 
the tube rises to a height h above the height shown by an adjoining 
open water column attached to a hole in the wall of the pipe; that 
is, the Pitot tube column in this case shows the sum of the pressure 
head and the velocity head of the water at the opening of the tube. 


the equation for determination of the flowing liquid— 


| = Vink 

Obviously, neither of the above types of tubes are satisfactory for 
actual use, but show the theoretical considerations to the best ad- 
vantage. A consideration of some of the types of tubes in actual use 
will be of interest. Figure 3 illustrates the scheme used in many 
types of tubes. They consist of the impact tube, that is, the tube 
which faces the flow of the stream, and an outer tube with holes in 
the side which transmit the static pressure of the water. This type 
of tube is satisfactory for certain kinds of work, but is not readily 
adapted for insertion through a small hole in the wall of the pipe. 

Figure 4 shows the tip of a tube with an opening facing the stream 
and a second on the side. The length of the tube in the direction of 
flow is such that it can be inserted into a pipe through a corporation 
cock or gate valve. These tubes have a coefficient of less than 1, 
because of the suction effect at the pressure openings due to the shape 
of the tube, causing the flowing water to be swerved away from the 
opening instead of flowing perpendicularly past them as for the side 
opening of the tube in figure 3. 

For the tube shown in figure 4— 


1.00\2 
at is, the indicated water column difference h is about 0.84 


or 42 per cent greater than with the tube shown in figure 2. With 


In both of the above tases, the coefficient of the tube is unity; that is, © 
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the usual design of water distribution systems, the velocity in the 
pipes is kept down and as a consequence the differential produced 
by a Pitot tube is low, so that these double tubes have an advantage 

in increasing the head to be read by about 42 per cent. 
Figure 5 illustrates a different type of tube, but the coefficient 
is practically the same, as for the tube shown in figure 4, that is, 
from 0.84 to 0.88. Very slight changes in the shape of these tubes 
_ with side pressure openings, as in figure 4, or in the location of the 
_-pressure openings, causes a change in the coefficient of the tube. 
As a consequence, it is almost imperative that each tube be rated; 

ae a that is, have the coefficient determined by actual calibration. 

The very small holes in the tubes, so far described are subject to 

— clogging unless the water is absolutely clean. Because of this trouble 
and the necessity of rating each tube, it was felt that a design could 
be developed not subject to these disadvantages. As a result, the 

_ design shown in figure 6 was developed. This tube has openings the 
full size of the pressure tubes and tend to clear themselves. 

— important advantage in this design is that the angles can be 
cut in a jig and the same coefficient obtained for all tubes. This is a 
great convenience when more than one tube is to be used. 

_ The tube shown in figure 6 is made for installation by screwing into 
the side of a pipe. This brings the tube opening at a fixed position 
in relation to the wall of the pipe. These tubes are made of either 

_ brass or steel depending upon the service. They are also made of 
_ different lengths for various sizes of pipe and of different weights of 

metal for special conditions. In fact, the design is such that the tube 
ean be conveniently made to fit any service required. 

In water works survey work it is a great advantage to be able to 

5: install a measuring device in a pipe without interruption to the serv- 

ice. It is always possible to install a corporation cock in a line 

- under pressure. Figure 7 illustrates a tube made for this service. 

_ The tube can be made of any length desired. It is usually all brass 

for lengths up to 18 inches travel. For longer travel the tubes are 
ee ; made of steel to resist the bending action of the water. These 


tubes have been used for the measurement of water in pipes as large 


as 4 feet in diameter. 
. If the flow in a pipe is straight at the po'nt of measurement, it is 
__ usually practical to assume the rates between the mean velocity in 
es _ the pipe and the center velocity (that is, the pipe coefficient) at about 
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. Se en it is only necessary to multiply the velocity indicate a 
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by a Pitot tube at the center of the pipe by the area of the pipe in 
square feet and this pipe coefficient to obtain the flow in cubic feet 
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per second. Unfortunately the distribution of velocities in the cross 
section of a pipe with flowing water is affected by up-stream disturb- 
ances and by the roughness of the interior surface of the pipe. If 50, 
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PITOT TUBE IN WATER WORKS 
or more, diameters of straight pipe, without tees, valves, or other ob- 
structions exists above the point of measurement, it is usually con- 
sidered that normal distribution of velocity exists. If a swirl has 
been set up by two streams of water meeting, it may persist for long 
distances down the pipe. When a case of normal velocity distribu- 
tion is formed, the velocity curve is approximately a semi-ellipse and 
the point of mean velocity is about one-fourth the radius from the wall 


Various local effects cause departures from the above-stated nor- 
mal conditions. If the mean velocity deduced from 0.83 center veloc- 
ity does not agree with that found at the normal mean velocity points 
within some 3 per cent, or if the greatest possible precision is required, 
a complete traverse should be made; that is, the velocity should be 
found at points distributed along the whole diameter. If this is 
done for various mean velocities and for two diameters perpendicular 
to each other, the ratio of mean to center velocities for the particular 
pipe and cross-section may be determined precisely. Thereafter 
observations with the Pitot tube set on the center only will suffice 
for accurate discharge measurements. Unfortunately the relation 
of mean to center velocity (pipe coefficient) may not hold over a 
wide range of velocity so that determinations at two velocities should 
be made as a check upon the dependence that can be put upon the 
pipe coefficient with varying rates of flow. 

With rapidly changing rates of flow, such as are experienced in 
manufacturing plants, it is extremely difficult to obtain a satisfactory 
traverse because of the uncertainty as to the velocity at the time of 
reading. The only satisfactory method is to have a fixed Pitot tube 
located down stream for a check and only take traverse readings when 
the fixed tube shows the desired velocity. 

The 10-point method of making a traverse consists in observing 
with the Pitot tube impact opening set on each of the intersections of 
a diameter with the circumferences of the odd numbered of 10 
concentric circles dividing the cross-section into 10 equal areas. 
The inner wall of the pipe is the tenth circle (see figure 8). Since 
each point of observation controls one-tenth of the cross-sectional 
area, it is necessary only to add the calculated velocities and divide 
by 10 to obtain the mean velocity. The so-calculated mean velocity 

is theoretically only 0.30 per cent too high and may be considered 
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tea MANOMETERS 


practically exact for most measurements. If 20 points are used, the 
error in summation is theoretically only 0.10 per cent too high (see 
Proc. American Society of Mechanical Engineers, p. 517, May, 1908). 


In order to make a traverse of a pipe, it is necessary to have some 

type of indicating manometer which can be read with reasonable 
accuracy, and handled conveniently. In the measuring of water, the 
usual medium for balancing the differential is mercury. In cases of 
very small differential it is possible to use carbolic acid, carbon tetra- 
chloride or other non miscible liquid heavier than water. Mercury 
in a manometer with water above it gives a head corresponding to 
12.6 times the head of water. 

There are various kinds of manometers depending upon the differ- 
ential to be measured and the service for which they are to be used. 
In the so called inclined tube for a differential of 3 inches of mercury 
the scale is 9 inches long, thus the probable error due to reading the 
mercury column is only one third what it is in the manometer with 
vertical tubes. With this type of manometer it is possible to obtain 
accurate readings corresponding to a differential of 3 inches of mer- 
cury. This means that satisfactory results can be obtained with a 
water velocity of approximately 6 feet per second in the pipe. It is 
possible to read lower velocities, but not much below 4 feet per second 
mean velocity in the pipe. 

The scale has square root graduations so that it is only necessary 
to multiply the scale reading by the factor fitting the particular case 
to obtain the velocity or rate of flow direct. This is quite a conveni- 
ence, as it saves the labor of extracting the square root of each reading 
before the flow can be calculated. 

The single tube manometer with vertical column is convenient to 
read as there is only one mercury level. For check reading and or- 
dinary determinations, this manometer is very satisfactory. The 
maximum differential obtainable with this manometer is 9 inches of | 
mercury or 9} feet of water. This will cover all ranges of readings 
likely to be encountered in water distribution. This manometer is 
fitted with a square root scale and really is an indicating meter. me 

Where very accurate results are required, the double tube manom- — 
eter makes it Possible to read the level of mercury in the two thes 


tube will not affect the accuracy of the results. 
has a square root scale 9 inches long. 
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In making a traverse where there is rapid change in rate of flow, 
it is necessary to put one tube with a manometer in as a check; that 
is, to be used as an indication when the rate of flow is at the desired 
rate so that all readings may be made under the same conditions, 
It is also possible that traverses on two or even four diameters will be 
necessary. In this case, contours of equal velocity can be drawn and 
the areas integrated to get a very close determination of the result. 
This method has been used for the measurement of gas in tortuous 
channels with very satisfactory results. 

For close work it is usually advisable to make traverses at two and 
often three different rates of flow so as to establish the factors over the 
range of velocities to be expected under test conditions. 


RECORDING METERS 


After the relation between center velocity and mean velocity is 
determined, it is then important to know that the varying rates of 
flow in a given pipe will be over a period of 24 hours. This is most 
satisfactorily obtained by means of recording and integrating types of 
flow meters. 

A manhole large enough to work in is all that is required in order 
to install a Pitot tube and meter body. The connection between 
the meter body and the instrument panel is by means of a pair of 
wires. As the resistance of the wires does not affect the meter re- 
sults this makes a very convenient arrangement for test purposes. 

If, after the determination has been made for check purposes, it 
is found that the information obtainable will warrant the expense, it 
is only necessary to cut the pipe and install an orifice in order to ob- 
tain a meter installation that is absolutely dependable both as con- 
tinuity of service and accuracy of results. 

In this connection, there is one point that should be brought out. 
The differential obtained by a Pitot tube is dependent only upon the 
rate of flow and very often it will not be large enough for close read- 
ing. With an orifice, the differential is first chosen to give a satis- 
factory differential and then the orifice is designed to produce it. 
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SOFTENING MUNICIPAL WATER SUPPLIES BY ZEOLITE! Be 


BY J. T. anp D. E. Davis? 
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There i is a widespread and increasing interest in the subject ‘of the 
softening of hard municipal supplies. Now that the majority of the 
larger communities have purified their water it may be expected that — 
more attention will be given to obtaining a softer product. . 

The lime-soda process has been generally employed by most 
municipalities which have softened their water. With the re- 
discovered effectiveness of carbon-dioxide in the prevention of after- 
deposits of lime in filter sands and in pipe lines, this method has had a 
considerable impetus in the last few years. Although the merits of — 
zeolites as softening agents have been recognized for many years in — 
connection with commercial and domestic plants, little use of that __ 
product has been made in reducing the hardness of municipal sup- __ 
plies. Actual information concerning the operating results of mus 
nicipal softening plants employing zeolites has been comparatively — 
meager. It is with the purpose of contributing to the literature — 
on this phase of the subject that this paper is written. } 

The general term “zeolite” is applied to a group of products, some 
synthetic and some natural, consisting of combinations of iron, 
aluminum, and sodium largely in silicate form. They have the 
quality in common, that hard water on being passed through a bed — 
of zeolite sand exchanges its calcium and magnesium for the sodium — 
in the zeolite until the sodium reaches exhaustion. On the intro: 
duction of a brine solution into the zeolite bed, the ionic reaction is 
reversed, the magnesium and calcium (as chlorides) being rinsed out 
of the bed to waste and the sodium remaining in the zeolite, ot: 
it ready for another softening cycle. 

About four years ago the Ohio Valley Water Company authorized 
its engineers to report upon a plant for softening the water supplied 
by that company to a suburban population of 60,000 people on the 
Ohio River just below Pittsburgh, Pa. The water delivered Binet 


1 Presented before the San Francisco Convention, June 14, 1928. 
* The J. N. Chester Engineers, Consulting Engineers, Pittsburgh, Pa. 
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about 3,200,000 gallons per day and is derived from _— drilled in 
the river channel to bed rock through thirty to forty feet of sand and 
gravel, which has been deposited in the rock-cut channel of an older 
river. 

The water from this underground source conforms to the charac- 
teristics of a true ground water, and is generally about twice as hard 
as the river water flowing immediately above. There is apparently 
very little direct and immediate communication between the river 
water and the underground flow, as is indicated by the chemical 
characteristics of the two waters, and also by the fact that the well 
water is comparatively pure while the river water is highly con- 


Characteristics of underground water 
TABULATION OF ALKALINITY AND HARDNESS 
Alkalinity Total Hardness 
Year 
Minimum | Maximum | Minimum | Maximum 
p.p.m. p.p.m. p.p.m. p.p.m. P.p.m. 

CO: 10.0 1920 53 96 121 212 
Fe and Al 6.3 1921 89 106 178 218 
SiO, 9.5 1922-23 71 97 142 254 
CaCO; 84.0 1926 200 250 
CaSO, 141.0 1927 abe 209 293 
MgSO, 20.2 
NaCl 36.0 


The quality of the water and its variations may be noted from the 
data in table 1. 

It will be seen that the soap hardness averages somewhat over 200 
p.p.m. The hardness of the City of Pittsburgh water as taken from 
the Allegheny River is more nearly 80 p.p.m. and the contrast was 
sufficiently marked as to offer occasion for considerable complaint 
on the part of the users of the harder water. However, the markedly 
high manganese content (over 2 p.p.m. as Mn) brought forth the 
major portion of the registered protests from housewives, because 
of the discoloration of clothes during laundering, and the staining of 
porcelain fixtures. 

The manganese was also a source of trouble and expense to the 
Water Company since it tended to become deposited (as MnOs) 
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upon its mains and particularly in its service lines, often stopping the 
latter completely, and threatening to curtail seriously the carrying 
capacity of the lines. 

The goal set for the proposed improvement therefore looked to the 
elimination of the iron and manganese content of the water as well 
as that of supplying the consumers with a softer product. 

LIME-SODA COMPARED WITH ZEOLITE SOFTENER 

A zeolite softening plant for the treatment of the boiler feed water 

for this plant had been in successful operation for about two years 


TABLE 2 
Comparative annual cost estimates for lime-soda vs. zeolite softening 


Lime-soda Zeolite 
Labor and supervision...... $6,000 Labor and supervision...... $6,000 
Lime, 242 tons @ $12....... 2,900 Salt 2200 tons @ $8.60....... 18,920 
Soda-ash, 550 tons @ $37.. . 20,350 Wash water................. 1,970 
Alum, 60 tons @ $25........ 1,500 Additional pumping cost... 3,030 
Coke (for carbonizing), 180 
$33 ,050 $29 , 920 
Fixed charges and main- Fixed charges and main- 
tee 10 ,000 tenance....... .. 10,000 
iq OF 
far) 
Cost per million gallons: Cost per million gallons: 
Fixed 8.60 Fixed te 8.60 


prior to the time when studies were begun for the softening of the 
entire supply. Due to the favorable impression which this installation 
had made on the management, it was suggested by F. B. Beech, the 
general manager, that this method as well as the lime-soda process be 
considered. Space considerations entered into and affected the 
calculations since the plant was located at the head of Neville Island, 
and occupied the larger part of the land there owned by the company, 
so that there was comparatively little room for the construction of 


: 
new facilities 1e lime-soda proe¢ conceived, would | 


involved some form of sedimentation and chemical storage facilities 
as well as filtration. In contrast, the zeolite plant could be con- 
structed and housed over a concrete chlorination basin already in 
existence, and the chemical storage problem conveniently and 
economically solved by building concrete brine tanks with tops a 
little above ground level into which salt could be shoveled from 
boxcars set on the railroad switch paralleling the tank. 

The comparative cost estimates for the two projects based on a 
four million gallon per day plant showed that there would be no 
great difference in first cost between the two plants, and that an 
expenditure of about $100,000 would be involved, including certain 
improvements in low service pumping. 

Comparisons made for an average pumpage of 3,200,000 gallons 
per day and a kardness reduction from 190 to 60 p.p.m. gave the 
results shown in table 2. 

As will be seen later the assumptions as to salt requirements and 
costs were conservative and in practice the salt costs have been 
materially less than estimated, and the cost per million gallons in 
1927 was $27.20. 

The zeolite plant made a still more favorable impression when the 
cost argument was reinforced by the saving of space, the avoidance 
of ‘“‘mess and grief,’’ and the assurance of ease and ‘‘fool-proofness” 
of operation of the zeolite as compared with a lime-soda plant. 
There remained one obstacle to a decision to proceed with zeolite 
softening in that there was no available precedent in large-scale 
municipal plants whose experience might be sought for guidance in 
this enterprise, nor was it definitely known how effective the zeolite 
material might prove in the removal of iron and manganese. The 
company therefore employed Robert Spurr Weston to study the 
chemical features and in conjunction with the plant chemist and 
bacteriologist, H. C. Kneeland, comprehensive experiments were 
conducted on the boiler feed zeolite softener. In the meantime 
Henry Haas, the President of the Ohio Valley Water Company, 
investigated certain hotel installations on the Pacific coast, and their 
observations proving favorable, it was decided to proceed with a 


zeolite installation. . 


DESIGN FEATURES OF ZEOLITE SOFTENER 
The enclosed steel-shell type of softener was chosen for this in- 
stallation for the reason that more capacity could 
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given space than with open type beds, and space was at a decided 
premium at this plant. When the design was begun it was soon 
discovered that there was a deficiency in the information on some 
hydraulic and technical details, and consequently it became neces- 
sary to carry on some experiments on some smaller commercial units 
to determine these data. The head required to force the water 
through the bed, and the rate of flow through the bed under constant 
head conditions, were some of the questions requiring clarification. 

While the pumps, delivering water from the wells through the 
softeners, would be capable of furnishing the requisite water for the 
washing of a single filter, yet there would be a serious curtailment 
in the softening rates of the remaining units unless the pumpage 
were supplemented from a storage reserve. It was therefore de- 
cided to install a wash tank, which, besides furnishing wash water, 
also served several other useful functions, including that of an 
equalizer whereby the heads on the pumps were maintained nearly 
constant, (thereby insuring good efficiencies). Likewise delivery of 
the softeners (so far as affected by changes in head) was sustained ata 
nearly uniform rate, which was little affected even when water was 
being taken from the tank for washing and regenerating an exhausted 
filter. 

Previous to the installation of the softening plant the water 
supply was pumped from the wells by horizontal low duty pumps 
located in two circular pump pits whose bottoms were at approxi- 
mately river level and whose tops were above extreme high water. 
These pumps delivered the water into a covered rectangular concrete 
basin 130 feet long by 35 feet wide by 20 feet deep whose flow line 
was ground level. This basin acted as a retention basin or clear 
water storage, being baffled by a center wall, extending the entire 
length of the basin to within 20 feet of the end wall. The water 
entered on one side of this dividing wall, received its dosage of chlo- 
rine from Wallace and Tiernan liquid chlorine machines located 
along side the basin and flowed the length of the basin, around the 
end of the baffle wall and back to a receiving chamber at the front 
end of the basin and from thence to a circular suction well 40 feet 
in diameter from where it was picked up by the high service pumps 
and pumped into the distribution system. 

It was decided to place the softening units on top of this retention 
basin, the roof and walls of which were reinforced to take the addi- 
tional weight. The softening units consist of four steel pressure tanks 
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9 feet in diameter and 22 feet long set in a horizontal position and 
supported on a concrete slab set directly on top of the roof of the 
clear water retention basin. These unitsare housed ina brick building 
which also contains a salt solution storage tank and brine pump and 
a laboratory and office. 

Each tank contains a 40-inch depth of zeolite sand underlaid with 
18 inches of gravel, below which is located a pipe underdrain system 
for collecting the soft water and distributing the wash water. The 
wash water is carried off by means of a perforated pipe trough located 
14 inches above the surface of the zeolite. Each unit has a sand area 
of 208 square feet and operates at a rate up to 1,500,000 gallons per 
day, at the beginning of a run, to 1,100,000 gallons per day at the end 
of the run. The valves on the filter piping are controlled hydrau- 
lically from an operating table located in front of the unit. The 
units are designed to permit a total loss of head of 14 pounds, a portion 
of which is made up of negative head gained by carrying the soft 
water outlet pipe down into the clear well below the water line and 
trapping it. 

A wash water tank having a capacity of 15,000 gallons is floated 
on the line between the low duty pumps and the softener units and 
acts in a two fold manner; first, to provide water for backwashing 
the units and, second, to take up the differences in rate of softening 
due to the fact that, while most of the time three units are operating 
and one is being regenerated, there are short periods when all four 
units are delivering water. Since the pumpage is at a constant rate 
the tank supplies the excess water needed at this time. Orifice 
meters are provided on the inlets to the units and measure the rate of 
softening and also the rate of washing. 

The salt storage and brine distribution are designed to give 
simplicity of operation. A salt charge of about 6 to 10 tons of salt 
is required per day. This is shipped to the plant in box cars and 
shoveled from these cars into a double compartment concrete bin 
each compartment being 29 feet long by 8 feet wide by 13 feet deep, 
holding two weeks supply. The top is level with the ground andthe 
bottom is hopper shaped and contains gravel graded from 3 to 4 
inches underlaid with an open joint tile line. The salt is dumped into 
the bins and is covered with water, dissolving the salt and giving a 
saturated solution which is collected by the tile under-drain and 
carried to a solution well between the two salt compartments. This 


well is divided into two compartments in one of which is located a _ 
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seers pump for pumping the saturated brine solution up into 
the brine tank in the softening building from which tank it is pumped 
into the softener units as needed. 

The cost of constructing the softening units complete together with 
all auxiliary equipment is shown in table 3. 


There were several alternatives open in the fixing of operating 
schedules and methods, but the plan finally adopted at the Ohio 
Valley Water Company has proved quite simple and effective in 
practice. A unit, upon being started after regeneration, is given a 


TABLE 3 
Cost of zeolite softening plant 


DOLLARS 

Building and 11,046.63 
Softener units complete with 39,000.00 
Piping, valves, meters, operating table, ete.................. 10,153.34 
Labor—other than in 5,200.80 ‘ob 
Engineering and interest during construction and overhead. . 11,015.17 

94,748.78 


“run’’ of about five hours. During approximately three and one- 
third hours the unit turns out a water of zero hardness, and for a short 
period thereafter the water delivered varies uniformly from zero 
up to the full hardness of the well water. Since it had been the in- 
tention to deliver a final product to the consumers containing a 
hardness of about 70 p.p.m., the softeners continue in operation 
about an hour longer, turning out hard water to mix with the soft 
so as to maintain the average product at about 70 p.p.m. All 
water is run through the filters in order that the manganese, iron and 
crenothrix may be removed, and to obtain such advantage of filtra- 
tion as the passage of the water through the unit (regarded as a 
filter) would effect. The rate of Sone thr ough the unit i is about twice 
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the ordinary rate for rapid sand filters, and were the water con- 
taminated, appreciable removals of bacteria might be expected. 
At Ohio Valley the final product is practically sterile before chlo- 
rination. 

At the end of this four and one-third hour period, the unit is taken 
out of service and given a back-wash from the tank for four minutes 
at the rate of about 4.75 to 6 gallons per square foot per minute. 
In the meantime a remote control push button has started the small 
brine pump at the salt storage tank outside the station, and has 
delivered a saturated brine solution to the small steel brine tank 
beside the softener units. The quantity delivered is measured to a 
nicety by hook gauges, and when the level of the upper hook gauge 
is reached the pump is stopped, and a second brine pump inside the 
station is started and pumps the measured brine solution into the 
exhausted unit through the perforated pipe manifold extending 
the length of the tank at the top. 

The mixture of this saturated brine with the water above the sand 
gives about a 10 per cent solution. The drain valve is opened 
enough to pull this solution down into the sand, and the gate is then 
shut, allowing the solution to remain in contact with the zeolite 
about five minutes, after which the drain valve is opened to waste, 
while the influent valve is ‘‘cracked”’ to allow “rinse” water to pass 
down through the bed at a rate of about three gallons per square 
foot per minute for about twenty-five minutes, during which the 
chloride solutions are washed from the bed. 

This regeneration period averages thirty to forty minutes, and on 
completion the unit is held idle until an interval of about five hours 
has elapsed from the time when the softener was first put on the line. 
This five-hour period represents the full “run” for a single unit. 
As there are four units it will be seen that for a short time they are 
all delivering water, but that over much of the time one unit is being 
regenerated while the remaining three units are in operation. 

The well water varies in hardness through the year, although the 
rate of change is quite slow and in operating practice it has been 
found advantageous so to fix the schedules that the period of opera- 
tion or run for each tank is kept constant. Changes in hardness are 
met by varying the salt dose. In this way the variables are reduced 
to a minimum, and the operations can be subjected to a definite 
routine which do not overtax the abilities of ordinarily intelligent 
laborers under capable supervision. The problem of stopping at the 
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end of the day is very simple since the entire plant is shut down, the 
softeners cut out of service, and the schedule picked up on the fol- 
lowing day at the same relative point. 

A typical chart as taken from the meter recorder registering the 
delivery of one of the softening units is reproduced as figure 1. The 
period of washing each of the filters is plainly marked by a slight 
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Fig. 1. TyprcaL ZEOLITE REGENERATION 


reduction in output when each of the sister softeners is washed, and 
by cessation of delivery when the softener of record is undergoing 
regeneration. The reduction in yield during the run is also noticeable 
starting at approximately 1,270,000 gallons per day rate, and after 
four and one-half hours when the softener is taken off the line, it has 
dropped to 1,170,000 g.p.d. These figures correspond to 4.25 and 
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3.9 gallons per square foot per minute. Since the head on the soft- | 
ener remains substantially constant, the decreasing yield is accounted | 
for by loss of head developed in the zeolite partly by packing, and | 
probably by depositions of manganese and crenothrix on the sand 
surface. 

In the early operation the hardness of the well water was reduced 
gradually, a period of about two months elapsing between the re- 
duction from about 180 to 54 p.p.m. This procedure was followed 
partly because it was thought that with the introduction of soft 
water, patches of the manganese deposits might break their moorings 
and leave by the route of the house spigots, but experience has 
shown that these deposits are being gradually dissolved, and no 
complaints have been received because of “gobs” of blackness. 

The plant during its two and one-half years of operation has 
proved to be remarkably free from trouble and has been a model of 
“foolproof” operation. Only two incidents have enlivened the steady 
routine. On one occasion a ‘gravel hill’ developed in one unit which 
seemed to indicate a blown out strainer. This condition was quickly 
remedied without untoward results. On another occasion (about 
one year after the plant was built) the filter seemed to suddenly 
“plug up,” and refused to pass the usual quantities of water. When 
a manhole was removed it was discovered that a well-matted growth 
of crenothrix had formed a blanket about three quarters of an inch 
in thickness over the top of the bed. This was removed to reveal 
what appeared to be virgin zeolite immediately below. Since that 
time inspections have been made monthly and once every month a 
longer period of washing has been given, with the result that no 
further difficulties have been experienced. 

From all indications the zeolite can be used indefinitely, since the 
reversible reaction between sodium and calcium-magnesium does not 
tend to break down the zeolite grain or to decrease its base exchange 
capacity. The losses of sand duetoabrasion seem to below, sinceonly _ 
100 cubic feet or approximately 3.7 per cent of sand has been added 
in two and one-half years (including the replacement occasioned by _ 
the removal of the crenothrix mat with its embedded sand) or at the 
rate of 1.5 per cent per year. 

The salient operating features for this plant are incorporated in 
the accompanying tabulation. 

The wash and rinse water has averaged about 10.5 per cent of the 
output of the plant. In 1926 there were approximately 3249 grains of 
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hardness removed per cubic foot of zeolite with a salt dei of 0.328 
pound per 1000 grains removal; while in 1927 the corresponding 
figures were 3520 grains and 0.364 pound, respectively. For this 
plant and taking into account the costs of salt and wash water, it 
would appear that the most economical salt dose is in the neighbor- 


. hood of 0.35 pound per 1000 grains of hardness removed. 


The operating costs as set forth in table 4 are based on an expendi- 
ture of $95,000 with interest charged at 6 per cent, depreciation at 
3 per cent, and maintenance at 1 percent. The maintenance costs 
have been substantially nil to date, but it isthought only fair to make 


TABLE 4 
Tabulation of annual costs, dollars 
1926 1987 
xt 
Interest, depreciation and maintenance..... .. 9,500 9,500 
Per million gallons: 


provisions for what is likely to occur at some time. The item for 
“Pumping Additional Head’’ represents the cost of lifting the water 
the additional height over that necessary under the former low lift 
conditions, as required to force the water through the closed softener 
units. 

The original cost estimates were conservatively made on the basis 
of 0.5 pound of salt per 1000 grains removal, and $8.60 per ton salt 
cost, whereas the plant has been able to run on a 0.346 pound and 
$6,475 per ton basis respectively, which represents a material saving. 
The salient operating facts are set forth in table 5. 
T he consumers have been enthusiastic about the soft water, wees 
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ticularly the housewives, since the job of laundering and cleaning has 
been made much easier. It has been difficult to obtain exact data 
as to the savings in soap, washing powder, ete., but from general 
inquiries and observations the savings approximate sixty per cent 
(by weight). The sale of soap powder and laundry soap has almost 
ceased. No difference in taste between the hard and soft waters has 
ever been reported, and the sodium salts remaining in the water do 
not offer any objections in domestic or commercial use, 


WATER SOFTENING AT SEWICKLBY, j= 


A similar problem developed at Sewickley, Pa., in 1927 and in 
making comparisons between lime-soda and zeolite softening the 
detailed operating data were available on a modern lime-soda plant 
as designed by this firm for Greenville, Ohio, as well as the zeolite 
plant at the Ohio Valley Water Company, ‘The Greenville piant was 
equipped with mechanical mixing tanks, Dorr clarifier and earboniz- 
ing equipment, and was operating on the excess-lime principle, 
effecting excellent reductions in hardness on a favorable cost basis. 

Sewickley is a community of about 5000 people situated on the 
Ohio River about twelve miles below Pittsburgh. Its supply is a 
ground water, derived from a crib sunk into the gravel bed of the 
river, and is clear and substantially pure at all times. Chemical 
analyses taken at intervals over several years show variations in 
alkalinity from 80 to 100 and in total hardness from 170 to 215, 
and an analysis of a sample taken April 25, 1927 is as follows: 


The crib water is of such excellent quality from a sanitary stand- 
point that it was decided to continue it in use, but as there was a 
remote possibility that an accident might damage the crib and permit 
contamination from the river and also that at some future date the 
river might be used as a source of supply, it appeared advisable to de- 
sign the units so that they might be employed as filters if necessary. 
A comparison of the cost of a lime-soda softening plant with a 
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zeolite plant, each of 2 m.g.d. capacity, but to operate on a twelve- 
hour schedule and to deliver 1 m.g.d. average, and 130 p.p.m. 
removal is set forth in table 6. 

The comparison was so clearly in favor of the zeolite softener as to 
indicate its adoption, and plans were drawn on the basis of the open, 
rapid sand filters employing zeolite sand as the softening medium. 
The status of the patent situation on zeolites was in a highly un- 
settled state at this time. In fact, some of the important court 
decisions, plant consolidations and company understandings were 
announced between the time the plans were started and the letting 


TABLE 6 
: & Comparative cost estimates for two million gallon per day softening plant 
First cost (softening plant First cost (softening plant 
Fixed) charges: 7,040 Fixed charges............... 5, 200 
te Maintenance, etc............ 600 Maintenance, etc............ 600 
. Lime, 122 tons @ $14... 1,708 Salt, 550 tons @ $6.50....... 3,575 
2 $ Soda-ash, 122 tons @ $34... 4,148 Additional wash water...... 105 
20 tons @ $25... 500 
Coke, 55 tons @ $12... 4 moi 
ar Average cost per million Average cost per million . 
4 gallons: gallons: 
Operating................. $30.80 Operating $21.65 
§ of contracts. In order to secure competition, alternate plans were 
“¥ designed so that definite competitive bids could be obtained on 
(a) downward softening (b) upward softening, employing green 
sand (glauconite) or synthetic zeolite in either case. Bids were 


received on each scheme. The finally accepted bid called for three 
beds of green sand for downward softening, and one bed of ordinary — 
quartz filter sand for supplying wash water and filtered hard water 
for mixing with the zeolite-softened product, in order that the water, — 
as delivered to the consumers might have a hardness of about 60 
p.p.m. 
Water is drawn from the crib, buried in the gravel formation below 
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‘the a Ohio River 75 feet from shore, through an 18-inch 
cast iron suction pipe carried in a concrete box culvert 4 feet 3 inches 
wide by 5 feet high with bottom approximately at pool level. This 
culvert or tunnel terminates in a circular concrete well 23 feet in 
internal diameter by 40 feet 6 inches deep, the bottom being approxi- 
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mately at pool level and the top on the level of main pump room floor. 


This pit contains two 1400 g.p.m. low duty motor driven centrifugal 
pumps, with space reserved for a future third pump. These low 
duty pumps deliver into a concrete equalizing basin in the rear of the 
plant having a capacity of forty minutes for a 2 m.g.d. rate and 
divided into two units so — tat, if in the future it should 
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become necessary to abandon the crib and use,raw river rule theds 
basins could be converted into mechanical mixing chanvhers for 
receiving coagulants and a sedimentation basin could be built in the 
space reserved for same alongside this equalizing basin. From the 
equalizing basin the water will pass directly into the softening and 
filtering plant consisting of 4 units of 182 square feet each or a 
total capacity of 2 m.g.d. based on a rate of two gallons per square 
foot per minute. These units are of the standard rapid sand type 
having steel wash water troughs whose top edges are located 30 
inches above the top of the sand and 30 inches of sand laid on 18 


Fie. 3. SewickLEY WaTER SOFTENING AND FILTRATION PLANT 
inches of gravel graded from } up to 3 inches in diameter. This 
gravel rests on a concrete bottom under which is a false bottom having 
an open space of 20 inches for admitting wash watenand equalizing 
its distribution. The top of this false bottom contains 3-ineh brass 
strainer nipples 6 inches on centers into the top of which are screwed 
umbrella type of brass strainers, so designed that the loss in pressure 
when washing at a rate of 15 gallons per square foot per minute will 
not exceed two feet. 

The sand in three of these units consists of green zeolite sand: having 
an effective size of 0.30 mm. and that in the fourth unit is Di cased 
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sand. having an effective size of 0.40 mm. Water will pass downward 
through: all four filters at.the rate of two gallons per square feet per 
minute being filtered in its downward course through all four filters 
and in addition being softened to zero hardness in the three zeolite 
sand filters. The rate of filtration is controlled by means of rate 
controllers located in the outlet pipe from each filter, the three soften- 
ing filters delivering into a soft water clear well located under two of 
the filter units and the main floor lobby on one side of the pipe 
gallery and the fourth filter delivering filtered but hard water into a 
hard water clear well located under the other two filters on the oppo- 
site side of the pipe gallery. These two clear water wells or basins 
are connected into a third well or high service suction well located 
under the other half of the lobby floor. By this arrangement there 
is approximately three times as much soft water as hard water 
admitted into the high service suction well, so that the mixed water 
pumped into the reservoirs through a rising main by the high service 
pumps has a hardness of about 50 to 60 p.p.m. 

All four filters will be washed upward at a rate not exceeding 15 
lei _callons per square foot per minute, with wash water taken from the 

G+ «ter clear well by means of a wash pump located on the high 

service pump room floor. 

The three zeolite sand filters are regenerated by means of a brine 
solution pumped from a brine solution tank in the pump room base- 
ment by means of a motor driven centrifugal pump and delivered on 
e top of the zeolite sand through orifices in the pipe lines located 
we under the wash troughs. 
il * rine tank in the pump station basement receives saturated 
brine s lution from concrete brine bins located outside the building 
adjacent to the equalizing basin and constructed similar to the brine 
storage & previously installed for the Ohio Valley Water Com- 
pany softening ‘plant. 

Two high service motor driven centrifugal pumps each having a 
capacity of 14u0 g.p.m. and located on the main pump room floor 
will take their supply from the mixed water suction well and will 
deliver it through a 10- and a 12-inch cast iron main to a series of 
reservoirs located on a hil! above the town from whence it will flow 
by gravity into the distribution system. 

The operation of the plant has been simplified as far as practical, 
hydrau.c operating valves being furnished for each filter unit, with 

ach operating table — 
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indicating wash water and brine gage has been provided so that the 
exact rate of washing and feeding of brine solution can be told by a 
glance at the gage. A vacuum pump has been provided for priming 
the pumps, and also a clear well gage and a high and low water 
alarm connected to the clear well. 

Inasmuch as the plant must be capable of handling contaminating 
river water which might by accident get into the crib or low duty 
suction main through a break, a dry feed machine and a chemical 
storage floor have been provided so that alum can be mixed with the 
raw water before it enters the equalizing basin and thus form a mat 
on the surface of the filter sand. 

Two Wallace and Tiernan liquid chlorine machines of the vacuum 
pedestal type have been provided for disinfecting the water in the 
clear water wells. 

This plant is now under construction, the substructure having been 
ready for the brick work at the time of writing this paper. 

bees contract prices are as follows: tine 


Filter and softening 10,650 


It is antivipated that the units will deliver ‘zero’ water for a 
period of approximately four and one-half hours, at the rate of about — 
2 gallons per square foot per minute, maintained uniformly by the 
rate controller. The unit will continue in service about two hours 
longer, during the early part of which the water will pass from zero 
to full hardness, and during the latter part a completely hard water 
will be delivered. The remaining water required to produce a water 
of 60 p.p.m. hardness will come from the quartz sand filter. The 
normal period of regeneration should be about one-half hour, making | 
the total “run” of a unit about seven hours. 

The two cases here presented relate to water which are initially 
clear and relatively pure and which have a fairly high percentage of 
permanent hardness, an ideal situation for a zeolite plant. In such 
cases the plant cost can be kept lower than with the lime-soda — 
process, since the cost of brine storage will be less than storage a 
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lime, soda ash, etc., and the mixing chambers, clarifiers, sedimentation 

basins, and carbonating apparatus, which are vital elements in a 
modern lime-soda plant can be largely eliminated from a zeolite plant. 
These savings will be considerably greater than the cost of zeolite 
compared to quartz sand. 

The Sewickley softening units are designed like rapid sand filter 
units, but with green sand or zeolite substituted for quartz sand. 
Provisions are made fer the introduction of alum to form a “‘schmutz- 
decke”’ on top of the sand if necessary in affecting purification. Since 
a high rate of wash (15 gallons per square foot per minute) is pro- 
vided, these units may be thoroughly cleaned and the full softening 
capacity of the sand maintained. The units will be delivering water 
for less than seven hours per run between regenerations, or a period 
during which the loss of head will be comparatively low, insuring 
against negative heads and the release of air in the filters, which air 
would prevent obtaining the full exchange capacity of the sand by 
keeping the water away from that part of the sand which is airbound. 

Under these conditions small amounts of sediment in the water 
reaching the softeners could be handled, but in the case of muddy 
waters, sedimentation basins or roughing filters would need to be 
interposed ahead of the softeners. In one case recently considered, 
such a combination indicated economies as compared with the lime- 
soda process. 

A combination of the lime-soda and the zeolite process might prove 
advantageous under certain circumstances, especially where muddy 
waters and those high in temporary hardness were encountered. 
Lime could be employed to bring down much of the temporary hard- 
ness and after carbonating the water, it could be carried to a zeolite 
softener where it could be reduced to ‘‘zero’”’ hardness if necessary, 
or stopped at any predetermined point between. 

The results in full-scale operation have been so successful as to 
warrant the belief that the zeolite process of softening may be found 
advantageous in the solution of many municipal softening problems. 
The simplicity of the regenerating process; the ease with which it lends 
itself to definite operating schedules; the assurance of control over the 
final product; freedom from after-deposits as sometimes occur with 
the lime-soda process; the absence of dust and handling problems 
incident to lime- and soda plants; and the factor of economical 
operation are features which make the zeolite process attractive and 
worthy of consideration where conditions are favorable. 
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PROTECTION OF IMPOUNDED RESERVOIRS! 


thy By ROSENTHAL? 


I am not sure whether the title really describes the thought the — 
writer is trying to convey in this paper. The subject would be 
better expressed as follows: Should boating, fishing, hunting, and 
similar amusements be permitted in impounded reservoirs? 

This subject is necessarily controversial. Some would fence off 
all reservoirs and let no one have a look at them. Others would 
throw them wide open. Neither of these opinions are based, of 
course, on any scientific facts. 

How much to protect an impounded reservoir shall depend, of 
course, on what is being done to the water before it is pumped to the 
consumers. When a water is pumped directly from the reservoir to 
the mains, and only chlorination is resorted to greater precaution is 
required than when the water is chemically treated and filtered. 

The type of water, the dilution factor, and the distances from the 
place where boating, fishing, and hunting is done to the intake should 
also be taken into consideration. 

I am especially interested in the impounded reservoir, the water of 
which goes to a purification plant: Should hunting, boating, and 
fishing or even bathing, be permitted provided the distance from the 
beach to the intake is considerable? On one side of this question 
are aligned the sportsmen and on the other the sanitarians. I am 
wondering if either side has made sufficiently extensive investigations 
to have produced definite conclusions. The writer is going to make 
a definite statement, not because he wishes to be dogmatic, but he 
hopes that more extensive investigations will be conducted to see 
how much recreational activities may really be permitted without 
detriment to the water consumer. 

The writer has had the privilege of observing for several years the 
water from lakes in Dallas. The latter city has four sources of 
supply; deep artesian wells (which supply only part of the city), 
Elm Fork of the Trinity River, a small reservoir containing about 700 


1 Presented before the San Francisco Convention, June 12, 1928. 
3 Director, Dallas Laboratories, Dallas, Tex. 
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million on of water, and a larger reservoir containing about 5 
billion gallons of water. The latter reservoir covers an area of about 
1500 acres and has a shore line of about 12 miles. Drainage from 

the surrounding country (which includes a number of dairies and one 
or two trash dumps) enters the lake; hunting and fishing in season 
are permitted, and there are no restrictions on boating. Bathing is 
not permitted, but undoubtedly a few mischievous boys could be 
found in the lake on a great many occasions. 

That part of the City of Dallas which uses chemically treated 
water consumes about 14 million gallons per day, 8 million of which 
come from Elm Fork and Bachman Lake and about 6 million from 
White Rock Lake. 

The latter lake was opened about 1910, and, as stated above boat- 
ing, hunting, and fishing are permitted; also considerable drainage 
from a few dairies gets into the lake. At no time, however, has the 
pollution either from the smaller or larger lake been so great that 
careful treatment could not produce an excellent effluent. 

The whole problem resolves into the question what is the limit 
of pollution that can be handled safely and economically by the 
various processes of purification at our command. The writer has 
sent out the following questionnaire to a number of waterworks men 


. What is the average count on agar at 37°C.—24 hours? 

. What is the average B. coli content per 100 ml.? oT of 3m 

. What is the highest agar count ever obtained? ei we OW 

. What is the highest B. 2oli content per 100 ml. ever obtained? 

. What is the average agar count «nd B. coli index in the final effluent? 

. What is the average agar count in tap water? 

. What is the B. coli index of city tap water? 

. Under the most adverse conditions have you any trouble in meeting the 

Treasury standards for pur water? 


Answers were received from eleven cities and since permission 
was not obtained to use their names they will be designated as A, B, C, 
etc. The pertinent findings are shown in table 1. 

In both of the lakes at Dallas hunting, boating and fishing are 
allowed. Furthermore, there are a considerable number of camping 
sites on both lakes and they of course contribute to the pollution. 
Yet, the bacterial count as well as the B. coli are very much less than 
in our river water, hardly ever running over 100, most of the time 
considerably !ess than 100 B. coli per 100 ml. At no time have we 
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TABLE 1 


Purification results in a number of cities in the United States 


Sa 4 8 4 as 
. a ° & ° 2 Ze 
; 
A | 900,000! 70,000 |100,000 | 300} 600 0.1(?) | 0.3 Yes 
B /1,000,000 33 2 
C 800,000} 31,000 | 1,000 | 175) 750 2 0.1 
D 450,000} 31,000 |100,000 |2,200|2,000 1 
E 135,000} 1,800 100 280 15 100 Prac- 
tical- 
ly 0 
F 150,000} 50,000 | 10,0007/1,901/3,300 | 0.81(?)| Prac- 
| ly 0 
G Over | 81,000 | 30,000t) 584) 40.8f) 7 0.051f 
1,000,000) 
H Over 10,000 | 343) 699 5 0.6 
1,000,000 
I | 800,000} 94,000 | 60,000 |9,700|2,470 |380* 1 
160,000} Over 218|2,926 | 14 1.19 
10,000 
K | 300,000! Rather| Rather Below | Below 
high -| high 100 1 


* This high count due to passage through open clear basins and after growth. 
The effluent from the plant has an average count of only 23. 

+ Do not make lower dilution than 0.01. ivha) Ae 

t MeCrady number. 


A—My personal opinion is not to allow hunting, fishing and boating on the 
watershed, as there is a potential danger of a typhoid fever outbreak, which 
would be very hard to check. I am greatly in favor of keeping the public 
away from the watershed. 

B—The Superintendent of Filtration does not advocate hunting, boating, 
and fishing, and has the following to say: ‘‘It has always been my opinion that 
these sources of supply should receive the greatest amount of protection, 
because, while it is not the usual thing to suffer any pollution, there are rare 
oecasions when epidemics of appreciable size are caused through carelessness.”’ 
C—The Superintendent has this to say: ‘‘We have never allowed hunting, 


5 

AL 


fishing or boating on our property. We control 8000 acres which have been 
made into a state game preserve.’ 

D—The Bacteriologist had the following a say: ‘‘Personally, I can see no 
objection to permitting hunting and fishing on a raw water reservoir of large 
size.”’ 

E—The City Chemist states: ‘‘We have permitted boating, fishing, and 
hunting on watersheds, at —-——— lake and up to the present time have had no 
trouble. I see no objection to the practice so long as it is properly controlled.”’ 

F—The chemist says: ‘‘Owing to the fact that our water is collected entirely 
by means of infiltration galleries, we have no storage or impounding reservoirs 

. and, therefore, I feel that our experience or opinion op this matter 
would not be of much value to you.”’ 

G—The City Engineer states: ‘‘Although we are not familiar with local 
conditions at Dallas, as a general rule this department does not favor the use of 
water reservoirs for recreational purposes.’’ 

H—The Commissioner states: ‘‘Boating and fishing are permitted in most 
of the lakes and reservoirs which constitute water supply.” 

I—The Chief chemical engineer states: ‘Where water is to be treated and 
filtered, I can see no objection to fishing and hunting on the watershed. In 
districts where no treatment of the water follows storage no such use of the 
watershed should be maintained and the hunters and fishers should be notified 
of the proper disposal of all waste and litter.’’ 

J—The chief Chemist states: ‘“We have several small cities and villages on 
our watershed which contribute very largely to our raw water contamination. 
In your case I would say that only fishing, hunting and boating would do you 
little damage.”’ 

K—No definite answers, but to my personal knowledge this water will run 
very high both in count and in B. coli. Boating, hunting, and fishing are 
permitted, but not swimming, and this city has rarely to my knowledge ever 
failed to comply with the Treasury Standard. ido 

had any trouble in producing a water considerably better than | the 
United States Treasury Department Standard. 

In my opinion the only criterion as to whether hunting, boating, 
and fishing or even bathing should be permitted is the load that the 
water purification plant can safely and economically handle. This 
is a problem that still needs solution. The work done by the United 
States Public Health Service on the Ohio River is of considerable 
value, but in my opinion still insufficient in drawing definite 


conclusions. 

In the review by Mr. Streeter of the United States Public Health 
Service, he states that the primary object was to study the limits of 
raw water pollution which are consistent with the production of 
effluents conforming to accepted standards of bacterial quality, 
having reference to water purification plants of the type found along 
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the Ohio River and on other similar river systems serving as sources 
of purified municipal water supplies. 

The secondary objective was to evaluate the different factors sub- 
ject to the control of the plant operator, which influence, directly or 
indirectly, the cost and bacterial efficiency of water purification. 

The conclusions reached at the experimental plant of Cincinnati 
were as follows: 


a “That an orderly relationship exists between the bacterial quality of raw 
water and effluent, virtually unaffected by seasonal changes as raw water 
turbidity. 

“The indicated maximum limits of raw water B. coli are 100 per milliliter 
for unchlorinated aac 5000 per 100 ml. for chlorinated water.”’ 


He states 


“‘that these conclusions, however, are subject to qualification pending further 
studies of other factors which have a decided bearing, in contrast with those 
which are involved in the purification of turbid river waters, such as exist in 
the inland streams of the United States.”’ “ 


Briefly summarizing the data in table 1 we find the following: 
All the answers with the exception of J assert they never have any 
trouble in producing a water which meets the United States Treasury 
Standard. Even at J where they sometimes have trouble, they 
have an agar count of only 14 and a B. coli index of 1.19 per 100 
ml. In other words, it seems that almost regardless of pollution 
good results can be obtained. 

It may be argued that it would be ideal to eliminate all possible 
pollution from our raw waters. Such a condition, even if desirable, 
would be uneconomical. In this connection it must also be remem- 
bered that there are vast areas in the United States that have no large 
bodies of water and to deny the citizens the use of such water as is 
available would be to deprive them of something very essential to 
their well being. 

In conclusion, in my opinion we can allow freer use of large reser- 
voirs, provided more precautions are taken, than have been hitherto 
thought advisable. Especially is this true where lime and chlorine 
are used. It also means, of course, that the man in charge of the 
water purification plant must be capable, and know at all times the 
kind of raw water he is getting and the quality he can produce. He 
must be able to interpret results and know how to apply the facts 
gathered. He must know something about the factor of dilution, the 
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effects of sedimentation both in the reservoir itself and after the 
treatment with the chemicals, and such other data as will aid him 
in his decisions. 

There may be some additional cost in treating a polluted raw 
water, but the additional cost involved in producing a safe effluent 
should certainly not cause the community to legislate against the use 
of the watershed or the water itself. Someone has well expressed 
it—‘‘So long as we huddle ourselves together in large cities, we must 
pay the penalty of concentration.” Where water is a scarcity, 
people have a right to demand that they be allowed, at least, limited 
use of the water and at the same time demand from the men in charge 
of the purification plants anexcellenteffluent. = = 

pan sqoth 
DISCUSSION 


_H.E. Mr. Rosenthal’s interesting paper to 
size the increasing attention being given to this important phase of 
waterworks management by waterworks officials and health authori- 
ties throughout the country. 

He has confined his attention principally to “the impounded reser- 
voir, the water of which goes to a purification plant,’”’ but the writer 
is desirous of somewhat extending the scope of the subject and making 
it apply not only to the reservoir itself, but also to the catchment 
areas of streams used as sources of public water supplies. In other 
words, the use of watersheds for recreational purposes and the effect 
thereof on the safety and quality of the water derived from such 
sources. Recreational use of these drainage areas is generally 
construed to mean the temporary presence of human beings on a 
watershed who may indulge in bathing, boating or fishing in a stream, 
lake or pond and camping, hunting, picnicking or hiking over the 
area. 

The inaccessible watershed is largely a thing of the past due to 
the development of the automobile and the improvement of highways, 
which enables many people formerly denied this pleasure to visit the 
mountain and lake regions of the country, thus measurably increasing 
the potential menace to the water supplies derived therefrom. 

Water companies are required ether by their charter or the 
statutes to furnish the public “pure’’ water and generally they are 
striving earnestly to meet this obligation. However, they are con- 


3 Assistant Chief Engineer, State Department of Health, Harrisburg, Pa. 
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fronted on the one hand by the necessity of furnishing a safe water 
supply and on the other hand by the desire and even the insistence 
of the public to use the catchment areas and, in some instances, 
even the reservoirs for recreation. 

The most pressing demand perhaps is the right to camp and hunt 
on the watershed and to fish and bathe in the streams used as sources 
of public water supply. The waterworks officials are importuned 
by persons desiring to enter upon the watershed for these purposes 
and even the state authorities have been requested to use their 
influence to bring about the establishment of such practice. In one 
state legislation was passed throwing open virtually all streams for 
bathing, seemingly to controvert regulations passed by the State 
Health Department as a protective measure. 

Further complicating the question is the matter of riparian owner- 
ship of land abutting on water used as a source of public water supply, 
which confers on such riparian owner an inherent right to reasonable 
use of the stream. 

The above are cited merely to show the difficulty encountered in 
adopting and enforcing measures relating to the recreational use of 
water sheds for the protection of public water supplies which shall 
at once be reasonable and practicable and at the same time not 
serve to arouse such antagonism on the part of those desirous of using 
the watersheds for such purposes as to result in a popular clamor 
which might bring about the adoption of arbitrary legislation throw- 
ing the watersheds wide open. 

In order to bring the subject within reasonable bounds, it might 
be well to attempt to set up certain classes of watersheds and deter- 
mine if possible the effect on public water supplies of their use for 
recreational purposes. 

The uninhabited watershed today is a rarity and it is coming more 
and more to be believed that all surface supplies are potentially 
dangerous and cannot be considered safe without protective features. 

There are certain streams used as sources of public water supplies, 
principally the rivers and major tributaries, draining developed 
areas, having a relatively large volume of flow, used with a maximum 
of purification measures and where filtration of the water is the almost 
universal practice, wherein recreational use might be permitted with 
reasonable safety. 

The other extreme is a class of streams, usually the smaller ones, 
draining an undeveloped area, having a relatively small volume of 
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flow, with a minimum of purification measures and no long time 
storage. Here it is somewhat obvious that the safety of these supplies 
depends upon absolute prohibition of the use of the watershed for 
recreational purposes. 

In between these two, there are many streams not falling into 
either of the aforementioned classifications, where possibly recreation 
could be permitted under certain restrictions. 

It is quite evident, therefore, that there can be no blanket regula- 
tion on this subject. Local conditions will have an effect upon each 
case. 

Two general principles may be applied to a watershed to ascertain 
if some measuring stick can be adopted which will have more or less 
general application throughout the country and in this connection it 
might be well to consider the “recreational use” of a watershed as 
comprising bathing, fishing, hunting and camping: 

First, where the reservoir does not have a nominal long time 
storage and where ways and means have not been installed or are 
not being operated to safeguard the sanitary quality of the water 
delivered to the consumers and where the catchment area is re atively 
uninhabited and untraversed by much traveled highways, the recrea- 
tional use of the catchment area does constitute a menace to the 
public health. 

Second, where the nominal retention of the water in the reservoir 
can be construed as adequate long time storage and where ways and 
means have been installed and are being operated to safeguard the 
sanitary quality of the water delivered to the consumers and the 
catchment area is inhabited or traversed by extensively used high- 
ways, the recreational use of such a catchment area does not con- 
stitute a menace to the public health. Persons so using these 
areas do not add an undue burden upon the self-purification to be 
obtained from the assured long-time storage and from the artificial 
ways and means which have been installed and are being operated to 
safeguard the sanitary quality of the water delivered to the consumers 
and hence, in such cases, consideration might be given to permit the 
public a restricted use of the watershed area, exclusive of the reservoir 
and the margins thereof. 

A few remedies for this situation are summarized briefly below, 
in each instance pointing out the advantages and disadvantages. 

1. Ownership of watershed. This is basically an economic problem 

_ and must be determined by the respective merits of ownership versus 
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protective measures and purification. Its effectiveness is dependent 
on the extent of watershed control and grows less practical as the size 
of the watershed increases. Where it owns the watershed, the water 
company can invoke trespass laws. Certainly the reservoir site and 
the shore margins should be owned or definitely under the control of 
the water company. 

2. Zoning. This practice is not applicable except on company 
controlled or state owned land. Elsewhere private ownership 
prevents. 

8. Placarding. Practicalonsmall areas. Effectiveness uncertain, 
but probably beneficial. 

4. Sanitary control. Within rather circumscribed limits, can be 
administered under existing laws, health regulations and with avail- 
able personnel. 

5. Education of public. Undoubtedly of value, but must be 
persistent and continued. Will not control the careless or vicious. 

6. Legislation. Must be reasonable, capable of enforcement, with 
sufficient elasticity to be applicable to the varying conditions en- 
countered. If too drastic, it is difficult of enforcement and arouses 
militant opposition, possibly defeating its purpose, which may be 
entirely proper. 

Possibly a judicious combination of these various measures may 
help in solving this problem. As it is of state-wide interest, it is 
obvious that a central agency is needed to administer the provisions 
of law or regulation governing it. Such an agency is found in the 
State Health Department, whose province as relating to public water 
supplies is their sanitary quality. 

A safe and suitable water supply is a vital factor in the health and 
prosperity of the public. It is the duty of a water company or of a 
municipally owned water works to furnish its consumers with such 
a supply. Persons residing upon or visiting the watersheds of 
streams have certain rights and privileges, but they also have an 
obligation to so conduct themselves that their actions will not pre- 
judicially affect the purity of such supplies. To the end of reconcil- 
ing these varied obligations and interests, it might be found expedient 
and practical to adopt control regulations based on existing laws or 
on new laws, if necessary, and founded on the principle that although 
they must be of general application, yet they must be administered 
with due consideration of the controlling features of each individual 
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b RECENT DEVELOPMENTS IN BOILER FEED WATER | 

b It is difficult to evaluate the developments in any art without 
relatively long experience in order to establish the worth of such 
progress. A survey of conditions in this special field of engineering 
may prove helpful, however, to indicate the trend of thought and 
achievement. Steam station practice has undergone such radical 
changes in the past ten years that it is difficult to realize the impor- 
tance of feed water treatment and allied procedures without a con- 
ception of the manifold problems resulting from these rapidly chang- 
ing conditions. The economic phase of these problems also has 
awakened keen interest among engineers, which in turn has directed 
attention to the necessity for research. At no time in the past has 
so much thought been given both in this country and abroad to 
corrective water treatment than during the past year. This is 
especially true in Germany, where a number of coéperative research 
investigations, similar to those in progress in this country, are now 
under way. 

Local conditions have a marked influence upon feed water prob- 
lems, yet fundamental knowledge of water conditioning is the founda- 
tion upon which the solution of the problem ultimately must rest. 
With this conception of water treatment for industrial use now quite 
general among American engineers, responsible for the safe and 
economic operation of steam generating equipment, much time and 
effort have been expended in such research. At least two important 
investigations have been tentatively arranged. The mechanism of 
priming and foaming of water under steam conditions and the deter- 
mination of the hydrogen ion concentration of concentrated boiler 
water under steam. conditions are examples. The results of these 
studies should do much to extend our knowledge of two of the most 


1 Presented before the Boiler Feed Water Studies Committee session, the 
Toronto Convention, June 25, 1929. 
2 Consulting Chemical Engineer, Baltimore, Md. 


9 10 noi to mela 


| 
3 
erat 
= 
‘ 
e 


perplexing problems in steam boiler operation, i.e., wet steam and 
corrosion of boilers and appurtenances. 

Possibly the most interesting recent engineering development in 
feed water treatment has been the combination of various forms of 
water purification processes. The combination of chemical and 
zeolite softening, additions of coagulants with softening reagents, 
the continuous blow-down system and steam purifiers have revolu- 
tionized feed water treatment. This has made possible a broader 
field: for the designing engineer than previously was considered 
possible. 

The conditioning of feed water is no longer limited to a single 
process but to a series of corrective treatments. The design will 
depend upon the steam station requirements and the economy re- 
sulting from the combination treatment. Recirculation of con- 
centrated boiler waters, although used in the past, has not been 
widely employed. Recently a number of novel applications have 
been made which are attracting attention, since they have merit for 
specific conditions. In some of the designs recirculating only with 
heat recovery is effected, while in other partial softening also takes 
place. 

No new chemicals of importance have been produced for water 
conditioning, but there has been a marked increase in the use of some 
softening reagents. This is particularly so in the case of phosphates 
and sodium aluminate. The increased use of these reagents is due 
primarily to purer products and to more exact knowledge of their 
value for specific conditions. The investigations to determine 
methods of water treatment to inhibit embrittlement of boiler steel 
has been partially responsible for the increased use of phosphate. 
Both di- and tri-sodium phosphate have been used in the past. 
Mono phosphate has been now offered for this service. This product 
has some advantage over the other sodium salts, since the desired 
soluble phosphate is obtained with a lesser concentration of the 
sodium radicle. 

Inhibition of corrosion of boilers, heaters and condensers by elec- 
trolytic methods has continued to attract attention and a number of 
successful installations has been made during the past few months. 
Research has been conducted at at least two universities in an 
effort to determine the cause of these phenomena. A number of 
hypotheses have been advanced to account for this form of protec- 
tion, but experimental data are lacking to account for the mecha- 
nism of retardati ion of corrosion. 
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A number of valuable contributions to the art of industrial water 
treatment have been made recently. Possibly the most constructive 
study in reference to the mechanism of scale formation has been that 
of E. P. Partridge, at the University of Michigan. The data pre- 
sented by this investigator have thrown new light on deposition of 
scale forming solids and should prove of value in directing attention 
to future methods for controlling scale formation in evaporators and 
in boilers. Work along similar lines is to be carried on by others. 
The results will be awaited with interest, since they may lead to 
revolutionary changes in conception of scale growth. 

The recent corrosion studies by R. U. Evans have added much to 
our knowledge of film formation and the inhibition of corrosion by 
this action. Although this work is not a specific study in boiler 
water treatment, the scientific facts established have great applica- 
tion in the control of corrosion problems in steam generation. 

A number of very valuable contributions relating to embrittlement 
of boiler steel have been made through the Verein Deutscher In- 
genieure. Likewise, the work of Thiel and Luchmann* on the same 
subject will be found instructive in reference to the German investi- 
gators’ viewpoint on this important problem. 

Many new problems have been encountered, which may not be 
solved without more intimate knowledge of the chemistry of water. 
The presence of non-condensible gases in steam, especially carbon 
dioxide, has given much concern to those responsible for steam station 
control. Acid steam from this source is much more frequent than is 
usually suspected. No solution for the control of the difficulty is at 
present available. The dissociation of even pure water in steel 
economizers and superheaters has been shown recently to be a possi- 
bility under certain conditions. The detrimental effect on steel, from 
such dissociation products, is well known and must be avoided since 
the resulting damage is permanent and may be very costly. The 
problem cannot yet be discussed with authority, since much study 
must be given to it over a wide range of conditions before the extent 
and acceleration of this destructive action on steel may be 
determined accurately. .The report on this subject by C. H. 
Fellows to be presented at this meeting shows these dissociation 
possibilities of water. One industrial concern is now conducting 
similar experiments at pressures up to 4000 pounds. 


’Committee Report on Feed Water Studies of the Association of Large 
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The aim of this group to solve these problems by codperative 
effort has been recognized as a constructive program involving the 
least duplication of effort. This movement has attracted attention 
from similar European groups and tentative plans have been ar- 
ranged to exchange ideas with at least one of these codperative 
research associations. Such international exchange of ideas should 
be mutually beneficial. 

There must necessarily be more or less lost motion in carrying 
forward any codperative work of this kind. There are so many 
problems peculiarly important to each group that it is not possible 
to confine the work of these Committees to any specified plant eon- 
trol measures. The most that can result from this work is to estab- 
lish fundamental concepts and to arrenge these data for practical use. _ 
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METHYLENE BLUE AND BROM CRESOL PURPLE IN 
_ DIFFERENTIATING BACTERIA OF THE COLON- 
AEROGENES GROUP" 


By Joun F. Dominick? AND J. LAUTER?® 


The fallibility of the presumptive test for obtaining the Esch. 
Coli index of polluted waters has been proven years ago. Frost 
showed that the presence of anaerobic spore-bearers in the presump- 
tive test caused an error of almost 100 per cent at certain times of 
the year. Reference to tables 1 and 2 indicates the low percentage 
of confirmations obtained over a six months period. Other anaerobic 
and aerobic lactolytic spore-bearers, with symbiotic combinations of 
non-gas-forming lactolytic acidifiers with glycolytic gas producers 
decreased the value of the lactose broth presumptive test. 

It can be readily seen that in the event of a sudden, excessive 
precipitation, with the attendant increase in the turbidity of the 
raw water, and the possibility of imperfect flocculation at the onset 
of increased turbidity, that the rapid-sand filters would be over- 
loaded to some extent and would, of course, carry over a greater 
amount of bacteria than usual, with an accompanying increase in 
the Esch. Coli index. It is of major importance to know just how 
much and to what extent the pollution exists and in the shortest 
possible time, in order to safeguard the consumer by as great a 
margin of safety as possible. 

By means of an accurate and reliable twenty-four-hour determina- 
tion of the Esch. Coli index, a more efficient adjustment of the 
sterilizing agent can be maintained, thus making unnecessary an 
abrupt increase in the dosage without reference to the amount of 
bacteria that have been carried over in the filtered water. 

By the time a sample of filtered water is procured and inoculated 
into the Standard Methods lactose broth tubes, forty-eight hours 
must elapse before the presumptive test is completed, and twenty- 


1 Experiments conducted in the laboratories of the Washington Water Sup- 
ply, under the U. 8. Engineers Office. 

? Bacteriologist, Dalecarlia and McMillan Park Filters, Washington, D. C. 
® Chief Chemist, Dalecarlia and McMillan Park Filters, Washington, D. ” 
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four hours more must pass before the confirmation procedure is 
completed. In other words, three days would go by, before it can 


be determined whether the sand filters are acting efficiently and 
delivering an Esch. Coli-free product or whether the overloading 


TABLE 1 
eatin Filtered water (Dalecarlia and McMillan Park Filters) 
Lactose broth (Standard Methods of Water Analysis) 


NUMBER OF 
| NUMBER | PRESUMP- COLON 
sAMPLEs | OF TUBES CONFIRMED | 


10 ml. dilution (5 tubes) 


per cent 
August, 1928, to January, 1929, " 
inclusive, total.............. 262 1,310 580 181 13.9 


1.0 ml. dilution (5 tubes) 


August, 1928, to January, 1929, 
inclusive, total.............. 262 1,310 78 30 


TABLE 2 
Chlorinated water (Dalecarlia and McMillan Park Filters) 
ss Laetose broth (Standard Methods of Water Analysis) 


NUMBER oes NUMBER OF 


DATE oF or TuBES| cas TUBES 
SAMPLES Tubes |CONFIRMED 


10.0 ml. dilution (5 tubes) 


per cent 


August, 1928, to January, 1929, 
262 1,310 403 0 0.0 


1.0 ml. dilution (5 tubes) 


August, 1928, to January, 1929, 
262 1,310 29 0 0.0 


has brought about only a slight reduction of the Esch. Coli index, “ 
Upon the discovery that the chlorination has been insufficient during 
the flood period, there would be an immediate adjustment in the 
chlorine dosage, after the danger has passed and the need for excessive _ 
chlorination no longer necessary. ; 
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DIFFERENTIATING BACTERIA OF 


In performing the lactose broth presumptive test, according to 
Standard Methods, the chief offenders have been Aerobacter Aero- 
genes and a few gelatin-liquefying organisms. During the flood 
periods, Clos. Welchii are very numerous, but are secondary to the 
former when encountered in determining the index of sewage 
contamination. 

TABLE 3 
Filtered water (Dalecarlia and McMillan Park Filters) 
Methylene blue-brom cresol purple direct medium 


NUMBER OF |NUMBER OF |NUMBER OF cones 
aad SAMPLES | TUBES |GASTUBES| INDEX 
10.0 ml. dilution (5 tubes) 
per cent 
August, 1928, to January, 1929, inclu- 
259 1,295 196 15.1 
1.0 ml. dilution (5 tubes) 
August, 1928, to January, 1929, inclu- 
EY 259 1,295 28 2.16 
TABLE 4 
Chlorinated water (Dalecarlia and McMillan Park Filters) 
J Methylene blue-brom cresol purple direct medium 
TE lawernaniad OF |NUMBER OF |NUMBER OF COLON 
SAMPLES TUBES | GAS TUBES| INDEX 
10.0 ml. dilution (5 tubes) 
per cent 
August, 1928, to January, 1929, inclu- 
1.0 ml. dilution (5 tubes) 
August, 1928, to January, 1929, inclu- - 
wad 265 1,340 0 0.0 


By using certain dilutions of methylene blue and brom cresol 
purple, accurate results have been obtained with direct inoculations, 
in some cases as early as twelve hours. 

In these experiments it was decided to use brom cresol purple 
confirming agar as developed by Salle as a comparison factor, because 
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JOHN F. DOMINICK AND CARL J. LAUTER 
it showed decided superiority to the eosin-methylene blue confirming 
agar when used with waters heavily contaminated with other organ- 


isms than Esch. Coli, although parallel inoculations show prac- 


TABLE 5 


TYPE OF WATER 


Chlorinated 
Chlorinated 


Lactose broth 


Positive 
tubes 


gas 
in 48 


Results on Salle’s 
Confirming 


Pos. 


Pos. 


Pos. 


Neg. 


Pos. 


Neg. 


Pos. 


Pos. 


Pos. 


Pos. 


Methylene blue, etc.; direct media 


Color at 16 hours. 


tubes 


Color at 48 hours. 


Yel. 
Pos. 
Yel. 


Yel. 
Pos. 
Yel. 


Blue 
Neg. 
Blue 


Blue 
Neg. 
Blue 


Yel. 
Pos. 
Yel. 


Yel. 
Pos. 
Yel. 


Yel. 
Pos. 
Yel. 


Yel. 
Pos. 
Yel. 


Color at 72 hours.| Yel.| Yel.! Blue | Blue | Yel.) Yel.) Yel.| Yel. 


All tubes were incubated at 37°C. This confirmation series shows a check 
of 100 per cent. 


_ tically the same results with E.M.B. as with the B.C.P. confirm- 
ing agar. 
As demonstrated by 
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methylene blue and brom cresol purple to the Standard Methods 
lactose medium renders it immediately susceptible to a color reaction 
and gives a gas and color reaction that compares very favorably 
with brom cresol purple confirming agar. The absorption of the 


TABLE 6 
Comparison series 


LACTOSE BROTH M.B.B.C.P. 
DIRECT MEDIA 
Chlorinated water (10.0 ml. dilutions) 
Number ef tubes... . . 65 65 
Number of tubes gas positive...................... 29 3 le 
Colon confirmed on eosin methylene blue agar..... 1 1 * 
Filtered water (10.0 ml. dilutions) 
Number of tubes gas positive...................... 15 11 
Colon confirmed on eosin methylene blue agar..... 11 ll if 
Raw water (10.0 ml. dilutions) 
Number of tubes gas positive...................... 18 16 ‘i 
Colon confirmed on eosin methylene blue agar. .... 16 16 
Settled water (10.0 ml. dilutions) 

Number of tubes gas positive...................... 30 27 % 
Colon confirmed on eosin methylene blue agar..... 25 25 va 
Per cent positive................. eaves 71.2 
Per cent confirmed.............. 83.3 92.9 


methylene blue is apparently only accomplished in this combina- 
tion by the Esch. Coli and with the brom cresol purple as an indicator, 
the media is completely decolorized and the growth of other lactose 
anisms vigorously inhibited. 
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Some difficulty was encountered in determining the proper dilu- 
tion of methylene blue to be used in the direct inoculation. A 
1:6,666 dilution of methylene blue with a 1:32,000 alcoholic solution 
of brom cresol purple gave the best results. 

Table 6 shows a series of Standard Methods lactose broth and 
methylene blue-brom cresol purple inoculations with raw and 
treated waters; all showed gas formation with lactose broth, but only 
seven showed gas with an accompanying color from blue to yellow- 
ish green in the tube showing gas. At the end of 48 hours, the 
lactose broth showed two gas positive tubes in the 10-ml. dilution 
of raw water, one gas positive tube only, developed in the brilliant 
green bile, while the methylene blue-brom cresol purple medium 
also showed only one tube positive with the accompanying color 
change. Upon confirming all gas tubes on the confirming agar and 
also upon eosin-methylene blue confirming agar, it was found that 
only one lactose broth tube was positive, and the brilliant green bile 
tube and the methylene blue-brom cresol purple tube that gave gas 
and color change at 16 hours were positive. 

Thus, by using methylene blue-brom cresol purple in certain dilu- 
tions in direct liquid media, a definite determination can be reached 
at the end of 24 hours, making unnecessary any further confirma- 
tion on solid media. 

During 1928 numerous experiments were carried out in this 
laboratory with different combinations of brilliant green bile. 
From a study of the data thus obtained, it was concluded that by 
increasing the peptone and lactose density and reducing the con- 
centration of the dye and bile in the dehydrated product furnished 
by the Digestive Ferments Company, a much more sensitive medium 
was obtained that gave excellent comparative readings in conjunc- 
tion with lactose broth. By transferring cultures of all gas 
positive lactose tubes in this series to Salle’s agar it was found to 
show the same proportion of positive and negative cultures, 

In other words, in 10 instances of gas formation in the Standard 
Methods lactose broth, only seven were found to be positive for 
Esch. Coli, with the methylene blue-brom cresol purple liquid media 
after 16 hours incubation at 37°C., which were verified by subsequent 
streaking upon confirming media with a check of 100 per cent. 

When methylene blue and brom cresol purple are added in the 
proper proportions to the medium, they give a direct color change 
that is produced much more rapidly than the formation of gas, and 
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In table 7, six samples of raw, settled and filtered waters were 


inoculated into 10-ml. and 1-ml. dilutions of Standard Methods 
lactose broth, brilliant green bile (Washington Modification) and also 
in methylene blue-brom cresol purple direct liquid media. 


te etal 
TABLE 7 
RAW | SETTLED | FILTERED 
Dilution 
| tml. | 10ml.| tml, 1 ml. 
Lactose broth 
Gas 2@hours.............. Neg. | Neg. | Pos. | Pos. Pos Neg. 
Gas 48 hours.............. 2 Neg. 1 Neg. 1 Neg. 
Gem 2 1 1 Neg. Neg. 
Number of tubes.......... 3 3 3 3 5 5* 
Confirmed on EMB and 
1 Neg. 1 | Neg. 1 Neg. 


Brilliant green (Washington Modification) (same number of tubes as above) 


1 
1 


Neg. 
Neg. 
Neg. 


1 
1 
1 


Neg. Neg. 
Neg. Neg. 
Neg. I 


Neg. 
Neg. 
Neg.f 


Methylene blue, etc., direct m 


edia (same number of tubes as above) 


bours.............. 
Color 24 hours............ Yel. 


Neg. 
Blue 
Neg. 


Color 48 hours........ Yel. 


Blue 


1 


Yel. 


1 


Yel. 


Neg. | Neg. 
Blue | Greent 
Neg. 1 
Blue Yel. 


Neg. 
Blue 
Neg. 
Blue 


To each sample. 


on lactose broth. 


_ ¢ Results with brilliant green at 72 hours are same as confirmation findings 


t This tube showed beginning decolorization from blue through green to 


final orange yellow at 24 hours, gave gas and yellow color at 48 hours. 


Results 


compare favorably with those obtained from confirmation plates from lactose 
broth and from brilliant green bile at the end of 72 hours. 


The lactose broth showed no gas with the raw water at the end 


of 24 hours. 


The brilliant green bile gave one gas tube in the 10-ml. dilution 


at the end of 24 hours, while the methylene blue-brom cresol purple 


medium gave one gas tube and also a color change. | 
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Work was started on brom cresol purple during May, 1928, and 
from compiled data, a formula was determined upon that would 
give a color change in addition to the formation of gas. 

It is now in use in this laboratory as a direct confirmation proce- 
dure on all waters, with parallel series of Standard Methods lactose 
broth on filtered and chlorinated waters. To date it has given 


TABLE 8 


Final hydrogen ion concentration of cultures of Escherichia Coli and Aerobacter 
Aerogenes in direct liquid confirmation medium 


24 hours at 37°C. 


AVERAGE OF 


15 STRAINS 


The final pH of ee aaa al * between 7.10 and 7.15. The formula is 


Dissolve in 2,000 ml. of distilled water on water bath. After solution of 
ingredients, add: 


milliliters 

1.6 per cent alcoholic solution of brom cresol purple........... 4.0 
‘ES per cent aqueous solution of erythrosin.................... 4.0 
1.0 per cent aqueous solution of methylene blue............... 30.0 


Tube in 15 ml. quantities and add 10 ml. of suspect water, in 1.0 ml. dilu- 
tion add 9.0 ml. of sterile distilled water, ete. This medium may be steril- 
ized by autoclave at 15 pounds pressure for 15 minutes. 


excellent results with a complete elimination of symbiotic lactose 
splitting combinations and other spore formers. The colon index 
obtained from parallel series compare very favorably with that from 
the routine Standard Methods presumptive and confirmation 
procedure. 

The final pH of the finished medium is between 7.1 and 7.2. In 


with fig ily 


a series of Teadings taken at it 
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that Esch. Coli strains were able to reach a pH of 5.6 and 5.7 con- 
sistently, while strains of Aero. Aerogenes were unable to reach 
below 6.8. Apparently the Esch. Coli have the faculty of utilizing 
the sugar present at pH 7.1 to a greater degree than Aerogenes 
strains and the buffer action of the phosphate salts present tends to 
produce an environment that is more favorable to earlier acid and 
gas production by the Esch. Coli and leaving insufficient carbo- 
hydrate for fermentation by the other members of the family. It is 
well known that Aerobacter Aerogenes is more active than Esch. 
Coli in a slightly acid medium, and the buffers present aid in pre- 
venting the too rapid decrease in the hydrogen ion concentration of 
the medium. All readings and titrations given in table 8 were 
determined electrometrically. 
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ULTRAMICROSCOPIC STUDIES OF COLLOIDS IN WATER! 

In the presentation of data upon different waters, reference’+5 


has been made to the fact that colloids were present in the water. 
In a few instances, it has been mentioned that the colloids were 
negatively charged. These references have been few and almost in 
the nature of parenthetical remarks. It has been considered that 
there is need for a more critical study of this important condition of 
the impurities which must be removed by coagulation. 

We are all more or less familiar with turbid waters which will not 
settle completely on long standing. The existence of coloring matter 
in colloidal condition has also been noted.’ Careful filtration of a 
raw water fails to remove some of this turbidity and color, and it is 
with this material that our interest centers at present. We are 
familiar with the fact that some waters can be efficiently coagulated 
with a minimum of chemical, while others require many times this 
amount to secure the desired results. In some instances this condi- 
tion may be due to the nature of the dissolved material, yet in others 
there seems to be a relationship between the nature of the suspended 
matter and coagulating dose. Some waters require very careful 
regulation of pH to secure good coagulation and in other instances 
this control appears to be unnecessary. In addition to matter which 
finds its way into water naturally, pollution from domestic and in- 
dustrial sources add to the colloidal content of water. 

It may be stated definitely that the presence of a colloidal condi- 
tion in raw water does not mean that matter, so present, is organic 
or inorganic, from natural sources on a water-shed or from pollution. 
It may be from any or all of these sources. A colloidal condition 
indicates that matter of some type is present, not in true solution, 


; 1 Presented before the Water Purification Division, the Toronto Conven- 

— tion, June 27, 1929. 

2 Filtration Department, National Aluminate Corporation, Chicago, III. 

* Pirnie, Tuts JouRNAL, 

Catlett, Eng. Rec., June 3, 1916. 
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yet in a state of sub-division in which the particles are separate 
entities, although sub-microscopic in size. In fact, we believe that 
matter of vegetable and inorganic origin may occur in colloidal condi- 
tion. With colloids resulting from pollution as well, it follows that 
each type will present a problem in itself when we consider the re- 
moval of the colloid by coagulation. 

Our knowledge of colloids and their characteristics indicates that 
some are acid, some neutral and some alkaline in character. Their 
reaction in an electrical field may be used to differentiate them into 
charged and uncharged colloids. It does not indicate whether they 
are of organic or inorganic origin. For this study, it is necessary to 
concentrate them by ultra-filtration through a suitable membrane 
and study them further. By connecting a battery or other source 
of direct current to electrodes in a U tube which contains a colloidal 
water, migration of the colloid occurs and coagulation may be ob- 
served at the electrodes. A critical study of this particular phenom- 
enon should lead to the development of fundamental data which 
might be of importance in answering some of the problems relating 
to coagulation. 

The present report must be considered as preliminary, in that 
phases of the study have not been completed. It is presented, how- 
ever, with the hope that it will arouse the interest of others, precipi- 
tate thought and discussion, toward the end that our common knowl- 
edge of colloids in water supplies may be increased. 

We have been concerned in particular with the occurrence of 
colloids in water, their prevalence, the nature of any charge they 
carry, their migration in an electrical field, the neutralization of the 
electric charge carried and its effect upon the existence of the col- 
loidal state, the extent of the charge carried, any relation between 
colloids and pH, the existence of an iso-electric point or optimum pH 
at which they can be coagulated, together with such supplementary 
data as might be gleaned in the course of a study such as this. 

For this investigation, use has been made of an ultramicroscope. 
The cataphoresis cell contains the sample under investigation. It is 
provided with stopcocks for filling and draining. A capillary tube 
with a 1 mm. opening connects the two reservoirs, in which the plati- 
num electrodes are sealed. The distance between the electrodes is 
15em. The electrodes are connected to radio B batteries to secure 
sufficient voltage for migration rate studies. pH values were deter- 


mined by colorimetric methods. 
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In using the ultramicroscope, water is placed in the cell with the 
level above the top stopcock. This is closed to prevent movement 
of the water during observation. A very strong beam of light igs 
directed through condensing lens and upon the water perpendicular 
to the axis of observation. In this manner it is possible to observe 
the manifestation of a colloidal condition. The rays of light passing 
through the water strike a colloidal particle and are diffracted. This 
condition may be observed, for it is similar in character to the effect 
of a beam of sunlight in a dusty room. The individual particles, 
otherwise unseen, become apparent when light is reflected from their 
surfaces. Finding this condition in a raw water, we proceed to esti- 
mate the extent of the colloidal condition. This has been empirical 
thus far, but in future work it is planned to combine dialysis studies 
with the ultramicroscopic examination so that quantitative data may 
be available. Next, the cell is connected to the batteries and obser- 
vations made to note migration of colloidal particles. If migration 
is observed, the direction of current flow is reversed to ensure that 
migration is due to the current rather than to movement of particles 
with water flow. In this manner we have observed particles flow- 
ing with the negative current toward the positive electrode. 

It has been our belief that colloidal particles which are charged 
might carry more or less of the electrical charge and this condition 
might be correlated with the coagulation requirements of the water. 
If the particles vary in the amount of their charge, attraction to an 
electrode under a constant current flow should vary and their rate 
of migration should be proportional to the charge carried. Ellms* 
reports the measurement of colloids in Ohio River water as 0.29 centi- 
meters per hour with a potential gradient of 4 volts per centimeter. 
The ocular of the microscope used in this work is fitted with a gradu- 
ated scale. Movement of the colloids across this scale were observed 
and the time required for the movement across a measured distance 
was checked by a stop-watch. Observations were repeated and aver- 
age values were obtained. It is worth noting that most samples 
showed little variation, but some few gave wide variations in the 
rates of migration. For part of the conclusions of this paper these 
waters are not reported. In this manner, data have been secured 
which rate the samples in terms of migration per centimeter per 
second per volt. 
fit 107 spatioy. 
Water Purification, 2nd Edition, 1928. 
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ie Rates of migration for colloids in water Pe pe: 
sounce pH | | FERSECOND | 
Carthage, Ind............... 7.6 2 0.000211 10.97 
7.6 3 0.000231 12.01 
6.6 2 0.000289 15.03 
San Diego, Cal............... 7.8 1 0.000327 17 .00 
Conowingo, Pa.............. 7.7 1 0.000212 11.02 
Slaterville, R. I............. 6.8 3 0.000308 16.02 
7.9 3 0.000270 14.04 
5.3 3 0.000385 20.02 
6.6 50 0.000385 20 .02 
Washington, N.C........... 6.1 3 0.000327 17.00 
Chinook, Mont.............. 7.9 2 0.000153 7.99 
Franklin, Ohio.............. 7.9 4 | 0.000192 10.00 
Kaufman, Tex............... 7.3 10 | 0.000423 22.00 
Rahway, N. J............... 7.1 2 0.000289 15.03 
Chickasaw, Ala.............. 6.5 1 0.000654 34.01 
7.5 5 | 0.000404 21.01 
Oswego, Kans............... 7.3 1 | 0.000481 25.01 
Frankfort, Ky............... 7.6 25 0.000500 26.05 
Mamaroneck, N. Y.......... 7.2 1 0.000346 18.04 
Pritchard, Ala. ............. 7.1 1 0.000575 29.99 3 
Fort Benning, Ga............ 6.1 4 0.000520 27.04 — 
Stillwater, Okla.............. 7.1 5 | 0.000231 1201 
Vermillion, 8. D............. 7.7 1 0.000250 13.00 
Newark, Ohio............... 7.5 1 0.000269 13.99 | 
Kapuskaising, Ont........... 7.5 1 0.000308 16.02 = 
Dyes 
Bismark brown......... .... Positively charged | 0.000520 27 .04 7 
Positively charged | 0.000731 ne 


* Estimated frequency of colloid occurrence with minimum as 1. 


The samples were raw waters which were received in our laboratory 


for analysis. Coming from all sections, a wide variation in samples 
might be ex oted. data to rate of and 
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pH are presented in table 1. The possible relation of other analytical 
data to the colloidal condition will be studied further and will be 
presented in a future report. 

A study of the data leads to the conclusion that there was a close 
relation between the rates of migration. An appropriate divisor 
converted the rates of migration, with few exceptions, to whole 
numbers. We have found that the colloidal particles in the raw 
waters studied are charged with electricity, the charge carried is 
negative in character, the rate of migration of colloidal particles in- 
duced by direct current varies and this variation is a function of the 
amount of charge carried. There seems to be no generic relation 
between the rate of migration and pH of the raw water. 

Dispersion of colloids results from the similarity of charges which 
the particles carry. Neutralization of these charges, by any methods, 
will remove the condition which prevents the coagulation of these 
colloids. The effect of an electric current has been demonstrated 
and is being tried on a plant scale at one of the larger plants in the 
West. The coagulants used in general practice give a colloidal 
condition under certain conditions and it is known that these colloids 
are positively charged. Thus, when colloids of opposite charge are 
mixed, there is mutual neutralization and precipitation. The effect 
of various colloids and the different coagulants are being investigated. 
It is possible that this will lead to the use of specific treatment for 
certain water conditions, giving waged en greater control 
and improved water. 
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PURE STREAM MOVEMENT WILL ACCOMPLISH ITS Feet 


In a recent suit brought by Jay D. Slipher against the city of 


Frankfort, Indiana, both the Circuit and the Appellate Courts have 
given decisions holding the city liable for damages caused by the 
pollution of Prairie Creek by Frankfort’s sewage. Every contention 
of the city as to its right to the use of the creek as a sewage receiver 
was overruled, and in the opinion handed down on June 19, 1928, 
the Appellate Court says: 

“Tt is daily becoming more and more apparent that the sewage in 
the streams is a real menace to the public health, and it is not a neces- 
sity, because it can be otherwise provided for with practicability and 
assured safety to public health.” 

The express purpose of this paper is to arouse the attention of 
persistent polluters of sources of public drinking water supplies, to 
the menace to the lives of their fellow men, with the hope that their 
realization of the situation will result in the speedy ending of this 
filthy and inexcusable practice. 

The question of pollution of drinking water supply sources is of 
paramount importance, and we must go into the matter impervious 

‘to the pleas of commercialism, and with the determination, should 
persuasion fail, to carry it by petition to our respective legislatures. 

With an increasing population has come an increasing need for 
good drinking water, and a decreasing available supply. Rapidly 
growing towns and cities spill their filth into sewers that empty into 
the nearest water channel, while our multiplying industries seek the 
least expensive method of disposing of their waste. In this matter 
of stream pollution, however, those directly responsible for it, and 
we who supinely tolerate it are equally to blame for the crime. 


1 Presented before the Plant Management and Operation Division, the 
Toronto Convention, June 27, 1929. 
General Manager, Water Board, Clarksburg, W. 
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_ LACK OF VISION BASIC CAUSE | 


is that there should be any to the pres- 
ervation of clean streams, yet the opposition is strenuous, founded 
partly on lack of vision, but mostly based upon selfish motives. A 
misleading argument of the opposition is that the pure stream move- 
ment is backed by sportsmen, and that it is an impractical dream; 
that the people are confronted by a choice between fish and industry. 
This contention is absurd, for not only fishermen, but all intelligent 
persons recognize the fact that the water of streams in which fish 
cannot live is unfit for human beings to drink, and that the preserva- 


tion of human life is necessary for the continuance of industry. 


DEFILEMENT OF STREAMS INDICTABLE OFFENSE | 


There is a great deal of ignorance among industrial heads about 
the legal status of stream pollution. The impression prevails that 
the pollution of lakes and rivers is a perfectly natural, and even lawful 
custom in the absence of specific statutes prohibiting it. The con- 
trary is true. Polluters, great or small, are law breakers. Many 
highly respectable offenders do not know that from the early days of 
common law, the defilement of streams has been an indictable offense 
when such defilement affects the public, and the right to restrain by 
injunction any one who corrupts water with industrial waste is a 


very ancient right. Ob 4 
ot to 


EDUCATION IS THE SOLUTION © 


A better remedy, however, lies in the arousing and educating of 
our people to the gravity of the situation. A special effort should be 
made to induce manufacturers and those connected with polluting 
industries to give their personal thought and time to the investiga- 
tion of present conditions. They are keen, level-headed men, and 
they do not take delight in poisoning the water needed by the people. 
In this age of efficiency they have sought to keep down the expenses 
of operation by getting rid of the waste in the most convenient man- 
ner, with little if any thought about the result. 

In years gone by, there was little complaint; our streams were 
numerous and full of water, our industries comparatively few, our 
population small, and under those conditions the water, most uni- 
versal of solvents, could digest or carry away impurities. Our 
streams can no longer do this, and if the industries do not realize 
this fact it is certainly time that they were toldit. 
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A 
Practically every business involves problems that must be solved 
in office or laboratory. It is not the duty of the water utilities or of 
the state to conduct experiments for the solving of the waste disposal. 
problem for the hundreds of industries within its bounds. The cost 
of maintaining a corps of skilled chemists would be prohibitive, but 
every plant or particular industry is forced to employ the best engi- 
neers and chemists in its special field. These experts are best fitted 
to deal with and solve this problem, and a definite codperation of one 
with all, could reduce the cost of experimentation to a minimum sum, 
which, when apportioned, would not bear too heavily upon any one 
of the numerous enterprises affected. It is but just that the expense 
of experimenting should be borne by those who are making money 
in the offending industries. ‘ 


thas, USING WATER COURSES AS SEWERS 
The only duty devolving upon the state is that of telling big and 
little business, individuals, communities, hamlets, villages, towns and 
cities that they can no longer use the streams as sewers, and that they 
must take prompt action in otherwise disposing of their waste product. 
Experience thus far shows that, unless forced by law or a supervising 
state agency, industries will not change their present life-destroying 
methods, but although the task of converting the manufacturers and 
other polluting groups may be difficult, compensation is to be found 
in the rapid progress now being made in educating the rest of the com- 
munity to vigorous and incessant protest that will result in legislative 
action in the matter. ; 


ACCEPT THE INEVITABLE 


The pure stream movement is based upon the primal law of ‘“‘the 
inalienable rights of the people.”’ It will accomplish its purpose, and - 
unless the polluters accept the inevitable, take the initiative and 
show the people a commendable willingness to clean house, an in- 
dignant public may demand legislation of so drastic a nature that 
real industrial harm would ensue. 

The storms of protest against the pollution of the Mississippi 
River forced the great city of Chicago to solve the problem by instal- 
ling at the end of her drainage Canal a modern sewage purification 
plant. She realized that the waters of Lake Michigan must be kept 
fit for drinking purposes for her millions of citizens. Other cities 
have had to go far afield for their supplies, as the capacity of — i; 
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adjacent stream or lake, became inadequate to meet the demands 
of the community, but very often it was the pollution of the local 
supply that made necessary the seeking of more distant sources. 


BAR AFIELD FOR DRINKING WATER 

Conspicuous examples of such cities are: Los Angeles, which 
brought her new supply from 235 miles away; San Francisco, 154 
miles; New York, 120 miles; Tulsa, Oklahoma, 60 miles; Phoenix, 
Arizona, 32 miles; Butte, Montana, 27 miles; Denver, 25 miles, and 
Norfolk and Portsmouth, Virginia, about 20 miles each. 

Winnipeg, Canada, brought her new supply a total distance of 98 
miles, while Victoria went 38 miles for water. 

In Australia the Coolgardie pipe line is 351 miles in length, and in 
southern Italy, the Apulian Aqueduct, constructed in 1924, to supply 
266 communities, comprises 152 miles of main conduit, and 841 miles 
of main and subsidiary branches leading therefrom. 

iia view of the enormous expense incurred by carrying water such 

distances, an expense which the people at large must bear, it seems 
incredible that they have ever tolerated the corruption of nearer 
supplies of something essential to the preservation of their lives. 

Experience is not only a hard, but a costly teacher, and the grow- 
ing agitation over the pure stream question will be the means of 
protecting the fledgling cities of today, and those of future years 
from the gross wrongs inflicted on us by the pollution of drinking 


WATER BORNE TREPONEMA PALLIDUM 


Investigations carried on behind the battle lines in Europe have 
modified, to a considerable degree, the opinion prevailing among 
physicians and sanitarians that no danger existed from the bodily 
discharges of persons infected with the deadly germ treponema 
pallidum. The danger is now quite generally recognized, and the 
fact that these germs will survive for a long time in sterilized water 
was announced by the eminent Dr. Rosenau as early as 1916. Wa- 
ter pollutes itself from what is washed. 


Grateful acknowledgment is made to Grover C. Ladner, Phila- 
delphia, ; and Dabney H. Maury, Chicago. 
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Since einen: 1928, the Springfield Water Purification Plant ha 
used ammonia as a preventive of chloro-tastes with very satisfactory 
results. Prior to that time we were sometimes troubled with slight 
tastes associated with chlorination. While these were usually not 
sufficient to cause serious complaint, they did occasion remarks from 
time to time and left an opening for unfavorable criticism. Soon 
after beginning the ammonia treatment, we received a number of 
voluntary compliments on the improved taste of the water and 
occasionally find the impression that no chlorine is used at the 
Springfield plant. 

The use’ of ammonia as an aid in disinfection is mentioned in 
standard texts, reference being made to the superiority of chloramine 
over chlorine as a disinfectant. As a taste preventive, however, 
McAmis,’ at Greeneville, Tennessee, seems to have been the first to 
use ammonia. 


PRELIMINARY EXPERIMENTS 


The bacterial loads in the raw water at Springfield have been 
excessively heavy. It was important in our case, therefore, that 
nothing should be done to lower the efficiency of chlorination, but 
that everything possible should be done to increase it. Some 
laboratory tests were then made to determine how disinfection would 
be effected. I used a pure culture of B. Coli added to samples of 
boiled distilled water and also to raw river water. In each case the 
disinfection accomplished in one hour was greater when ammonia 
was added to the water just before chlorination. The results on 
distilled water and raw water are shown in table 1. 

These results were very encouraging, for preammoniation would 
thus rank as an additional measure of purification as effective in 
removing bacteria as other stages such as coagulation or filtration. 

1 Presented before the Illinois Section meeting, May 14, 1929. 


? Chief Chemist, Water Purification Plant, Springfield, Il. emi ie 
*Me Amis, J. W., Journat A. W. W. A., 17, p. 341 joa ae. 


4 
 PREAMMONIATION AT SPRINGFIELD, ILLINOIS 
~ 
ON 
| 
x, 
% 
~ 
a 
33 
4 
~ 


However, we were disappointed in our next experiments in which 
lime was used as well as chlorine and ammonia. In this case the 
results after one hour of contact were less satisfactory with am- 


é Effect of preammoniation on disinfection with chlorine 
POUNDS PER MILLION GALLONS 
B. COLI PER CUBIC |PER CENT REMAIN- RESIDUAL 
CENTIMETER ING AFTER 1 HOUR CHLORINE 
Ammonia | Chlorine 
Boiled distilled water 
P.p.m, 
0 29, 500 100 
hits 0 15,000 100 0 
BLO 1.0 50 0.3 0.10 
(0.5 1.0 5 0.03 0.10 
River water 
0 0 39 ,000 100 0 
0 13,600 35 0.06 
2 wate 650 1.7 0.06 
TABLE 2 


Effect of preammoniation on chlorination of lime treated water 


POUNDS PER MILLION GALLONS TOTAL ‘ : ALKALINITY 
COUNT PER| PER CENT | RESIDUAL 
CUBIC CEN- |REMAINING | CHLORINE 
Lime Ammonia | Chlorine | TIMETER Phthalein Total 
p.p.m. 
0 0 0 25 , 500 100 0.0 194 
1,200 0 0 24,500 96 0.0 
1,200 0 5 875 3.4 0.20 50 76 
1,200 1 5 875 3.4 0.20 50 74 
1,200 2 5 2,400 9.4 0.23 50 76 
1,200 3 5 2,450 9.6 0.26 55 80 
1,200 4 5 3, 250 12.7 0.30 43 74 


monia than without. The data on one group of tests with lime, 
ammonia and chlorine are shown in table 2. 

: The water used in this case was river water having a total count 
of 4,300 per cubic centimeter, to which a broth culture of B. Coli 
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was added sufficient to give the initial count of 25,500 per cubic 
centimeter. Thus the organisms added greatly predominate, al- 
though they are not in pure culture. Lime, ammonia and chlorine 
were added in the order naméd while the samples were being stirred 
in a stirring machine for 5 minutes. They were then allowed to 
stand 55 minutes, after which stirring was resumed for 5 minutes and 
the samples taken up into the pipettes while being agitated. Alka- 
linities and residual chlorine were determined after plating out the 
bacterial samples. 

The fact that a moderate causticity has little effect on B. Coli 
uction in 1 hour is illustrated by this set of samples a 


Relation of contact period to bacterial reductions in the lime-ammonia-chlorine 
treatment 


(Temperature constant at 17.5°C.) 


PER CENT REMAINING ALKALINITY 
RESIDUAL 
hiss Am Chlo- ours contac CHLORINE Phthal- Totel 
1 2 4 8 21 
p.p.m, 

0; 0 0 100 103 91 88 106 0.0 197 
1,200; 0 0 69 | 75 66 59 17 0.0 35 65 
0 4 22 0.9} 0.6} 0.5 0.02 197 
1,200 | 0 4 44 | 16 0:7 |, 68 0.09 30 60 
1,200 1.0 4 31 33 6.6; 0.7); 0.5 0.11 32 62 
1,200 | 2.0 4 56 | 35 17.0; 0.9} 0.5 0.12 31 64 


treated and titrated at room temperature. We have since found 
that no conclusions as to lime sterilization are valid unless tempera- 
ture is stated, but in this case all samples were from the same batch 
and of the same size, and run at the same time, so that any tempera- 
ture changes were of the same magnitude. Therefore, the com- 
parison is accurate enough for the present purpose. 

This experiment was twice repeated and samples taken at inter- 
vals up to 6 hours. The results confirmed the previous tests in 
general, but the indications were that still further reductions would 
be obtained with longer contact, and a fourth set was carried through ~ 
to 21 hours and sampled five times during the run. The results in 
this set are shown in table 3. 
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As before, diluted broth culture of B. Coli was added to raw river 
water. The total count of the raw water before addition of the 
broth culture was 3,700 per cubic centimeter, and after the addition, 
32,000. The results cannot be said to represent B. Coli efficiencies 
strictly for that reason. However, these comparisons have been 
made at times when the initial count of the raw water was only 0.5 
per cent of the B. Coli added. The trend is always the same. 
Chlorine works best at lower pH values, that is, without lime. The 
addition of lime slows the chlorine sterilization, and the further 
addition of ammonia retards it still more. Yet in eight hours the 
four chlorinated samples have reached nearly the same point. Lime 
by itself is very slow in comparison. In this case the alkalinity was 
determined only at the end of 21 hours, and the water was exposed to 
recarbonation throughout the run. The alkalinity at the end indi- 
cates from 5 to 25 p.p.m. causticity and values of pH above 10 at 
least at the beginning of the run. 

From these experiments it is evident that the best time to apply 
chlorine is prior to the addition of lime. It is plain that, if ammonia 
is used, a very marked increase in efficiency will result, providing 
the sterilization is complete before the addition of lime. It was not 
practical to realize these advantages without considerable addi- 
tional capital investment at Springfield, and they were not attempted. 
The next best procedure is prechlorination to allow the maximum 
period of contact. Ammonia can be used in small amounts provided 
the contact period is sufficient. If the ammonia permits higher 
chlorine residuals without taste, then the retarding effect may be 
more than balanced by the free use of the sterilizing agent. 

At Springfield, the nominal detention periods in the various stages 
of purification are as follows: = ex 


Jeubieet, 
Mixing chambers............ 40 minutes | 
He: Carbonating minutes 
is 


The actual flowing through time may be much less for a part of 
the water or for all of the water under certain circumstances such as 
low clear well or basins out of service. However, the plant is being 
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figures should not be far from the facts on the average. 
‘Hos 


TASTES AND PREAMMONIATION 


It was hard to establish definitely the sources of taste at Spring- 
field for the tastes were not distinct as a rule. They were seldom 
sufficient to permit agreement by any two observers as to their 
- quality, and for the most part passed unnoticed. Yet I believe we 
_ Can now distinguish four classes. First, there was, occasionally, a 
medicinal taste at remote points on the distribution system sufficient 
_ to make the water unpalatable and to give credence to those who 
somewhat vaguely described a taste at other times. Second, a 
-ibai has od 3 TABLE 4 
tp OF Experimental treatment—taste prevention + 
(Temperature maintained at 6°C.) 


pounds pounds p.p.m. 

6 0 2 1 0.20 

6 1 | 0 0.23 

6 2 0 0 0.26 

8 0 3 3 0.30 

8 2 1 0 0.35 

8 3 0 0 0.40 


Note: 1,200 pounds of lime and 200 pounds of alum were used in each case. 


- moldy chlorinous taste appeared occasionally after showers, usually 
i ~ associated with higher turbidity and higher chlorine dosage though 


ue not necessarily higher chlorine residual. A third class of tastes is 
Beet associated with sudden thawing of ice over a large area of watershed 
toe following a sleet storm or frozen flood conditions. This is naturally 
ae _ rare, but may be extremely disagreeable. The fourth class of tastes 


is derived from algae and is not affected by ammonia treatment so 
far as we now know. With the possible exception of the first class, 
all of these are more correctly described as odors. 

Under the circumstances it seemed as well to try the ammonia 
first on a plant scale, sinee it is simply applied, cheap and harmless, 
whether’ effective or not. The results were noticeable at once. 


is dose of ammonia was set at 5 pounds per day treating 7 million 
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gallons of water. The quantity has been sufficient with the exception 
of a few brief periods when double the amount was used. During 
these periods it was possible to get a better idea of the effectiveness 
of the ammonia treatment through laboratory experiments which — 
were made accordingly. For example, one set of bottle experiments — 


is shown in table 4. ne 


Samples were treated with chemicals as in the plant, except that. 
chlorine and ammonia were varied. It is not possible to give a — 
numerical value to taste with our present knowledge, and the figures — 
in the taste and odor columns simply give the writer’s opinion of the — 
relative magnitudes. But where zero is recorded, all of several ob- | 
servers agreed taste was absent, while the value 3 indicates the con- — 
census of opinion as to the worst of the group. Moldy and chlorin- | 
ous would best describe the quality. The plant treatment on this — 
day was 9.2 pounds chlorine and 1.6 pounds ammonia per million — 
gallons, and no taste was present in the plant effluent. The experi- 
ment demonstrates that this class of tastes and odors is prevented 
at Springfield by the use of ammonia. Similar experience has been 
described recently by Harrison at Bay City.‘ 
The taste described as medicinal develops more slowly and is 
difficult to catch at the plant. A twenty-four hour composite sample _ 
of raw water, however, was examined by Mr. Theriault, Chemist, BE 
United States Public Health Service, who reported a recovery of 
1.2 parts per billion of phenol, and the fact that this amount is a 
sufficient to cause a chlorophenol taste. Subsequently I have treated _ 
boiled distilled water with phenol in amounts from 2 to 50 parts per i oa 
billion and have found that ammonia effectively prevents chloro-— 
phenol taste when used in the ratio of } pound ammonia to 1 pound : ok 
chlorine. This conclusion is at variance with that of Harrison, _ 
whose results with ammonia in chlorophenol taste prevention were _ 
negative. There are several points of difference, however, in the + a Oe 
way the experiments were made which may explain the discrepancy. < 
He has used larger amounts of phenol and does not state what sort fee S aaee a 
of water was used in the test. If it was not phenol-free, the difference Me ee 
in quantities might be still greater. Furthermore, in our case, lime 
water was added to the distilled water sufficient to produce a 
value of 9.6, which would approximate our plant effluent. Since pH ae Mee 
makes a considerable difference in the activity of the chlorine, it may a z Dis ee 
‘Harrison, Louis B., Tu1s Journat, 21, p. 542, 1929. 94 
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also affect the taste production. This point would stand further 
investigation. In our case cited the chloro-phenol taste developed 
somewhat from the start, but after 24 hours in the refrigerator it 
was very decided and roughly proportional to the phenol added, 
The samples pretreated with ammonia were entirely free from taste, 
These experiments and the plant experience indicate that, in a 
softening plant at least, ammonia may and in our case does prevent 
chloro-phenol taste. 

TABLE 5 


1927-1928 1928-1929 ( 
_ Number months prechlorination used.............. 1 12 
Total chlorine used, pounds per m.g............... 2:0 
Residual chlorine final, 0.12; 0,18 
Ammonia, pounds per 0.06 
Coagulant, pounds per 135 82 
Turbidity, p.p.m.: 
B. coli per 100 ce.: - 


No laboratory experiments have been made on the thawing ice 
- complex which has occurred only once at this plant. As soon as 
_ discovered, the ammonia was increased from 0.7 to 1.7 pounds per 
- million gallons in the raw water, after which the odor disappeared. 
_ The chlorine dose at this time was 7 pounds per million gallons. 
_ The following day complaints were received of the odor from hot 
_ water faucets. We are not sure whether this could have been 
- entirely prevented by an earlier increase in ammonia dosage. There 
= was no suggestion of chlorine in the odor. Using the hot test, both 
Taw and filtered water will yee have some odor, more intense in 


sions could be drawn, but we were certain that the odor and taste 


the cold water were improved by increased ammonia. 
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EFFECT OF PREAMMONIATION ON COST AND EFFICIENCY ij ¢ 


It was shown by the preliminary experiments that no increased 
efficiency could be expected directly from preammoniation at this 
plant, but if chlorine could be used more freely, then indirect benefits 
might accrue. Table 5 includes the pertinent data summarizing the 
effect on plant operation. 

It will be seen that chlorine consumption has increased, due to 
chlorinating raw water and due to the higher residual. On the other 
hand, less coagulant was used during the past year than previously. 
The net result is a.saving of 41 cents per million gallons treated, or 
29 cents if the cost of ammonia is included. The time required for 
disinfection is sharply brought out in the comparison of bacterial 
results at various stages in the process. For example, the clarifier 
effluent in the past year showed 33 per cent of the B. Coli index of 
the previous year. The water applied to the filters contained 16 
per cent of the previous index, while the filtered water contained 
only 5.5 per cent of the former figure. The improvement practically 
stops at this point since the final chlorination now merely fills any 
sags in the chlorine residual. 


In the Saeadinis for 1928-1929, the B. Coli index of the final efflu- 
ent has had to be corrected and a considerable number of positives 
thrown out for the following reason. The sudden appearance of B. 
Aerogenes in the discharge of a high service pump led to the discovery 
that the packing of this pump was contributing quantities of bacteria 
which in the ordinary routine would be classed as B. Coli. These 
bacteria, grown on Levine’s eosin methylene blue agar, gave large 
convex confluent colonies usually with metallic sheen, when present, 
limited to small central area, the colonies appearing brown by trans- 
mitted light. The bacteria were non-sporing rods. Without carry- 
ing the identification further, I felt justified in classifying these as 
B. Aerogenes. From a sample of the packing taken from the pump, 
I estimated twenty billion B. Aerogenes per pound. New packing 
was then examined and found to contain the same organisms in great 
abundance. Eventually a packing was secured free from these bac- 
teria, but meanwhile much water had gone through the pump. 
However, due t to the chlorine residual maintained with the aid of 
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_ preammoniation, the water from city taps showed very few of these 
_ bacteria. For example, one monthly record shows the following: 


B. coli indices, August, 1928 


‘ "While these particular bacteria had no sanitary significance in our 
opinion, the case is cited as an illustration of the disinfecting effect 
of the residual chlorine which averaged 0.23 p.p.m. during the month. 
_ The effect is particularly valuable at this plant, located as it is on 
the bank: of a river in which the B. Coli index is frequently over 
~ 100,000 per 100 cc. The clear well and flow lines extend below low 

water stage and much of the structure is surrounded with cinders or 
other loose material. Under flood conditions they are under as 
- much as 18 feet of pressure from without. A leak of 50 to 100 
_ gallons per day would reduce a sterile water below standard unless it 
carried some such protection. 

APPLICATION OF CHLORINE AND AMMONIA ok 
The program which has finally been adopted with reference to 

chlorine and ammonia is as follows: Ammonia is added at the rate 
of 0.7 pound per million gallons at the inlet of the raw water dosing 
well, where the detention is about 30 seconds. Chlorine is applied 
at the outlet of the dosing well in amount sufficient to produce a 
: residual of 0.2 to 0.3 p.p.m. in the effluent of the clarifiers. As a 
s. rule, the residual drops slightly by the time the water has passed 

sere the filters, and additional chlorine is then added to bring the residual 
back between 0.2 and 0.3 p.p.m. If no drop has occurred, the 
second chlorination is omitted. As a rule, 1 pound per million 
gallons is sufficient at this point. 

The application of the ammonia has been made by solution pre- 
pared from anhydrous ammonia and delivered to the water from a 
small orifice below a tank holding 190 gallons of solution containing 
from 10 to 20 pounds of the gas. However, the present practice is 
to apply the gas directly through a needle valve and a bubble meter 
consisting of a bottle of light oil through which the gas rises. In 
this arrangement the rate is regulated by the number of bubbles per 
minute, 380 bubbles per minute being equivalent to 5 pounds per 
day. The rate of flow is extremely constant, the valve frequently 
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requiring no adjustment over a twenty-four hour period. The 
capacity of the device as at present is about 10 pounds per day, which 
is the maximum and exceptional amount used. The ammonia tank 
stands on a scale, and the weight is recorded at regular intervals. 
The gas enters an alum solution line through which a small stream 
of water carries it into the dosing well. Whether or not the alum 
line is carrying coagulant is of no consequence. 7 

Ammonia can be bought in many forms. Salts of ammonia could 
be applied from a dry feeder, but we have found the cost per pound 
of NH; is less for either aqua ammonia or anhydrous ammonia, 
which are very nearly the same delivered at ‘Springfield, namely 15. 
cents per pound. agile 
Nitrogen as free ammonia in surface waters of Illinois 
Results in parts per million go ‘at 


AVERAGE MAXIMUM MINIMUM j 
Sangamon River at Decatur................... 0.094 0.272 0.008 ba 
Vermilion River at Danville................... 0.070 | 0.144 | 0.024 — 
Kankakee River at Kankakee.................. 0.087 0.184 0.016 — 
Vermilion River at Streator.................... 0.090 0.344 9.008 { 
Mississippi River at Quiney.................... 0.114 0.300 0.048 
Mississippi River at Moline.................... 0.071 0.176 0040 
Lake Michigan at Evanston.................... 0.040 0.082 0.012 


3 
In view of the advantages which we have found in preammoniation, 
either for taste prevention or for increased efficiency where lime is’ 
not used, this useful addition to water purification processes should 
find wider application. The method employed formerly was to pre- 
pare chloramine solution before addition to the water, and this 
troublesome procedure probably prevented more general use. 
Bulletin No. 21 of Illinois State Water Survey contains analyses of 
municipal well supplies in Illinois. Taking the first hundred as 
typical, I find 23 per cent have less than 0.1 p.p.m. of NH. ae 
chlorinating such waters, preammoniation will doubtless be found rs 
advantageous at times. On the other hand, the remaining 77 per 
cent contain up to 36.1 p.p.m. free ammonia as NH, with an average 
of 3.36 p.p.m., equivalent to 26.5 pounds ammonia per million gal- 
lons. Obviously, it would serve no useful purpose to add ammonia to 


: 
7 


such water, although the knowledge of the ammonia content should 
throw considerable light on the behavior of chlorine in the water. 
As compared with well waters, the rivers of Illinois are notably 
uniform in free ammonia content. Bulletin No. 5 (1907) of Illinois 
State Water Survey contains tabulations of sanitary analyses of 
municipal supplies, and I have arranged the ammonia data applying 
to surface waters in table 6. 

It will be seen that the average of each of the six stations is not far 
from the average of all, and the maxima and minima are not greatly 
divergent. A number of determinations which I have made on the 
Sangamon River at Springfield show but little variation from the 
~ value 0.090 p.p.m. N as free ammonia. Lake Michigan at Evanston, 
according to the above bulletin, contains slightly less than half as 
much free ammonia as the streams. We should expect, therefore, 
that, in general, the surface waters of the state will respond to 


preammoniation. 


ane 


1. Preammoniation increases the efficiency of chlorination of 
water having normal pH value and low ammonia content. 
2. Preammoniation prevents chloro-tastes, including chloro-phenol 
tastes in a lime softening plant. 
3. With high pH values, considerable time of contact, as much as 
eight hours, should be provided if maximum sterilization is required. 
4. Ammonia is simply and cheaply applied with no undesirable 
after-effects necessitating special vigilance. 
‘. 5. Chlorine residuals sufficient to overcome subsequent contamina- 
are feasible when ammonia is present. 
VAY 1.0 tell wart Frey HE bait 
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Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Watch Your Water Supply’s Turbidity. Joun R. Bayuis. Water Works 
Eng., 82: 9, 525, April 24, 1929. The particles between the sizes of 0.1 and 2 
micra concern us most, as this is the size range of most of the bacteria that 
occur in water. Particles larger than 2 micra would probably be filtered out, 
but smaller ones, unless entrapped by floc, would pass the filter. Turbidity 
removal may be used as an approximate index of the bacterial removal and 
while not very accurate its results are immediate. If reducing the turbidity 
to 1.0 by filtration reduces the bacteria 90 per cent, you may expect 95 to 98 
per cent reduction by reducing turbidity to 0.2. Erratic results at Baltimore 
were eliminated when an accurate method of measuring turbidity was used. 
A submarine light in the clear water reservoir showed cloudiness that increas- 
ing the chemical dosage did not clear up. Coagulated water passing the filters 
caused cloudiness which was eliminated by washing filters at least every 36 
hours where formerly they were allowed to run 100-200 hours. Both a floc 
detector and a submarine light in the clear water reservoir are necessary for 
proper operation of a filter plant. Laboratory turbidimeter with a range of 
0.0 to 2.0 is desirable. Arbitrary standards of 0.2 for fine turbidity and 0.05 
for floc turbidity have been set by the writer as limits never to be exceeded. 
Coagulation should be increased if the fine turbidity exceeds 0.2; and when 
floc turbidity exceeds 0.05, filters should be washed more often. If only the 
total turbidity is measured, it is impossible to tell whether it is fine turbidity, 
floc turbidity, or a mixture of the two. The article is illustrated with working 
drawings of floc detector, turbidimeter, and submarine light for turbidity 
detection.— Lewis V. Carpenter. j 


Experiments on Spillway Discharge of the Keokuk Dam. F. A. pe 
and A. Davis. Proc. Am. Soc. Civ. Eng., 55: 2, 305-48, February, 1929. The 
authors describe discharge measurements made on the crest of the spillways 
of the Keokuk Dam, in Iowa. Volumes of flow averaging about 4,000 second- _ 
feet were measured in the 30 feet of spillway, at heads slightly less than 11 — 

1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of codperating in this work are earnestly requested to communicate — 
with the chief. abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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feet. It is very difficult to measure water running at the rate of 24 feet per tl 
second. Opening the gates adjacent to the spillway being measured had con- re 


siderable influence on the discharge coefficient. The coefficient C for the 
normal operating head of 10.8 feet varied from 3.71 when a single spillway was 
discharging up to 3.90 when many spillways were discharging. The gaugings 8 
indicated that for an unobstructed crest, C would have been about 4.00 for E 
10.8 feet head. The studies were supplemented by tests made on a laboratory d 
model built to a scale of one-eleventh the size of the dam. The experiments ft 
on the model duplicated the results observed at the dam very closely.—John t! 
R. Baylis. 


Use of Water on Federal Irrigation Projects. E. B. Desuer. Proc. Am. I 
Soc. Civ. Eng., 55: 3, 751-83, March, 1929. The paper is composed essentially 
of 25 tables giving the annual use of water at various irrigation projects in 
the West from 1912 to 1926.—John R. Baylis. d 


Experiments to Determine Rate of Evaporation from Saturated Soils and . 

_ River-Bed Sands. R.L. ParsHauyu. Proc. Am. Soc. Civ. Eng., 55: 4, 843-54, fe 
_ April, 1929. The author describes a study of the evaporation losses from soils a 
contained in tanks under like exposure, the soils ranging from coarse river sand b 
a to heavy dark alkaline soil, with the water-table maintained at 1, 6, and 12 e 
inches beneath the surface.—John R. Baylis. 


Dam Built of Limestone Concrete. Wittram J. Gray. Water Works Eng., 
82: 9, 523, April 24, 1929. Springfield, Mo. built a dam forming a reservoir G 
holding about 1,250 million gallons. The dam is 1880 feet long by 40 feet high. 1 
_ It is of gravity type, built entirely of concrete, with 20 to 30 p2r cent of plum 1 
stones. Limestone sand and limestone aggregate were used and a 28-day 


ca compressive strength of 2,000 pounds per square inch was specified. The con- ¢ 
__ erete is very dense and has a snow white appearance. ‘‘Quickhard”’ cement ( 


below zero.—Lewis V. Carpenter. 


te, State Board of Health, 31: 10, 155, October, 1928. Great Lakes Board of 
_ Engineers, formed for interstate codperation in handling stream pollution 


was used and the required 28-day strength attained in 24-72 hours, permitting 
_ form removal at 72 hours. Work was continued when temperature was 10° 


Organization of Great Lakes Board of Engineers. Monthly Bulletin, Indiana 


problems occurring within Great Lakes Drainage Basin, is composed of Chief 
Sanitary Engineers of State Boards of Health of Minn., Wis., Ill., Ind., Mich., 
Ohio, Penna., and N. Y. Officers of board are: Dr. W. F. King, Chairman; 
__L.S. Finch, Vice-Chairman, and L. F. Warrick, Secretary.—G@. C. Houser. 


_ Protecting the Semi-Public Water Supplies along Pennsylvania’s Highways. 
ae Supplement to Pennsylvania’s Health, 6: 6, November-December, 1928. 
During spring and early summer of 1928, 3,200 miles of highway were soivered 

and 3,130 roadside water Nera were ida tectinics T here follows a detailed 
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that re-inspections later in the year showed that many of the necessary cor- 
rections had been made.—G. C. Houser. 


Great Lakes Board of Public Health Engineers. Monthly Bulletin, Indiana 
State Board of Health, 31: 12, 187, December, 1928. Great Lakes Board of 
Engineers met at Gary, Ind., December 11 and 12, 1928. One topie under 
discussion was the prevention of pollution of Great Lakes by phenolic wastes 
from by-product coke ovens. There are 23 by-product coke plants located on 
the watershed. Eleven of these are practising substantially complete and 
continuous removal of phenol before waste is discharged into streams. Prog- 
ress toward elimination of remaining phenol wastes was reported.—G. C. 

Industry and the State Board of Health. E. L. Firsy. Florida Health 
Notes, 21: 1, 5, January, 1929. Industry and health conditions are intimately 
related. When a person interested in locating a new business has secured 
several tentative sites, he could well afford a trip to the State Board of Health 
for data on general health conditions in the state, insect pests, waste disposal, 
and water supply. Data are available as to quality, both mineralogical and 
bacteriological, of all public water supplies of the state and of many private 
supplies. In codéperation with the State Geologist, the prospects of water 
supply are fairly well known throughout the state.—G. C. Houser. 


Safer Water and Safer Milk for West Virginia Cities in 1928. E.S. Tispa.e. 
Quarterly Bulletin, West Virginia State Dept. of Health, 16: 1, 27, January, 
1929. Typhoid fever death rate in West Virginia has decreased from 20.2 per 
100,000 in 1925 to 9.4 in 1928. Four factors are playing a definite part in this 
marked reduction in typhoid: (1) safer public water supplies; (2) improved 
city milk supplies; (3) increasing number of full-time county health units; 
(4) general education along pul::: health lines. During 1928 improvements 
were made in water supplies of 14 cities, totaling 64,000 population, which 
render these supplies safe instead of unsafe or doubtful.—G. C. Houser. 


Your Glass of Water. H. M. Freesurn. Pennsylvania’s Health, 7: 1, 
4, January-February, 1929. Philadelphia, with a population of almost 
2,000,000, takes about half of its water from the Delaware River and the re- 
mainder from the Schuylkill, and passes it through one of the largest filtration 
systems in the world. There are four filter plants with a total capacity of 
400 m.g.d. The predominating system in use for the treatment of the city’s 
water supply consists of sedimentation, preliminary filtration, slow sand filtra- 
tion, and chlorination. Meter records show the average daily use of water to 
be 170 gallons per capita. Filtered water storage basins have been provided 
that hold 925.5 m.g. At the present time there are about 2,322 miles of pipe. 
—G. C. Houser. it 

Water Purification Processes Should Be Regularly Inspected. Health 
News (N. Y. State Dept. of Health), 6: 6, 24, February 11, 1929. City of 
Olean, N. Y., recently took steps to raise $359,000 to pay the costs of an epi- 
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demic in that city. If typhoid fever due to impure water appears in a com- 
munity, the health officer often has to bear the brunt of the criticism, even 
though water commissioners or other officials may have been responsible, 
The health officer should protect his community and safeguard his own reputa- 
tion by making regular and frequent inspections and filing recommendations 
when necessary with proper local authorities and with State Department 0 
Health.—G. C. Houser. te, fixe ae “ps 
A Good Start. Illinois Health Messenger, 1: 4, 14, February 15, 1929. 
Good water to assuage the thirst of the rural school children in Illinois is the 
object of a new sanitary movement involving the examination of sources of 
supply at every schoolhouse. Wells are inspected and samples taken there- 
from are analyzed in the laboratory. Out of 404 wells already inspected in 
six counties only 114, or about 28 per cent, were found to meet all requirements 
for approval.—G. C. Houser. 


Sterilizing Flooded Wells. L.S.Fincu. Monthly Bulletin, Indiana State 
Board of Health, 32: 2, 19, February, 1929. In reclaiming wells which have 
become contaminated as a result of floods, the following steps should be 
followed. The capacity of the well should be determined, and a heaping table- 
spoonful of chloride of lime added for each 100 gallons of water. The well 
should then be allowed to stand for 24 hours. If the well has been grossly 
polluted, it should be pumped out, cleaned, and allowed to refill. After re- 
filling it should again be dosed with chloride of lime before using. Following 
this effort to reclaim the well, a sample of the water should be examined in a 
laboratory to determine whether or not it is safe to drink.—G. C. Houser. 


Physical Connections to Public Potable Water Supply Systems in New Jersey. 
I. R. Riker and C.M. Nicuots. Public Health News (N. J. Dept. of Health), 
14: 3-4, 68, February-March, 1929. On September 18, 1928, the New Jersey 
_ _ State Dept. of Health enacted Chapter XIII of the State Sanitary Code, pro- 
hibiting certain physical connections upon public potable water supplies. A 
_ physical connection is defined as any cross-connection, etc., which may permit 
_ any flow of water into an approved public potable water supply from any other 
_ water supply unapproved by the department. After April 1, 1929, physical 
connections will not be permitted, except where such connection existing on 
that date includes 2 all-bronze check valves with rounded rubber facing, 2 
- gate valves with indicator posts or rising stems and drip cocks and gages for 
testing, and is located in a vault of watertight construction readily accessible 
for inspection.—G. C. Houser. 


‘ Chemical Aspects of Stream Pollution by Phenols. Emery J. THERIAULT. 
Ind. Eng., Chem., 21: 343-46, 1929. This paper is a discussion of the value of 
the Gipss method for the detection of phenol. (This Journal, 19: 597, 1928) 
with comments upon the technique involved. It is shown that polluted waters 
or sewage may change the color characteristics of the test due to the presence 
of reducing agents and that the preparation of water soluble solutions of the 
reagent is difficult. An alcohol solution is recommended instead. Studies of 
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domestic sewage indicate a phenol content sufficiently high te suggest that the 
presence of this compound in polluted water may have a non-industrial origin. 
This further suggests the possibility of using the phenol content of a water as 
an indication of either industrial or sewage pollution. This would be a very 
sensitive test for such contamination; chlorophenol tastes from either source 
are noticeable at a dilution of 1 part per billion and phenol may be detected 
by the Gisss method at this dilution also.— Edward S. Hopkins. 


Effect of Chalybeate Springs on Metabolism. Wirkung der Stahlquellen auf 
den Stoffwechsel. Beitrag zur Frage nach dem aktiven warm M. KocuMann 
and R. Seevt. Deut. Med. Woch., 1928, v. 54, 1321-2. From Bull. Hyg., 
4: 2, 128-9, February, 1929. The describes the on the growth 
young rats of chalybeate spring water. Three groups of rats were fed bread be 
and milk. The first group had only control diet; the second received mineral 
water; and the third, an equivalent amount of fermbus sulphate. After a time “Gps 
the second group had gained 212.7 per cent of original weight; the third, 173. ae: 2 
per cent; and the first 154.4 per cent. The mineral water group showed an 
increased use of oxygen per grain of body weight, but in spite of this greater __ 
metabolic rate, the animals receiving the extra iron as contained in the mineral 
water (ferrous bicarbonate) grew more rapidly.—Arthur P. Miller. 


Corrosion—A Problem in Protective Coatings. F.N.Spreuier. Ind. Eng. 
Chem., 21: 506-10, 1929. The prevention of corrosion may be developed by | 
reducing the corrosive character of the environment, use of more resistant | 
metals, or by protective coatings. Discussion is presented of film formation 
protection for metals together with the use of resistant alloys and inert coat- 
ings. The results of this study are stated to be, (1) corrosion is determined | 
and controlled by influences external to the metal which either form or destroy | 
surface films on the metal; (2) protective films form more readily in airthan 
in water or soil; (3) where the metal is continuously in contact with soil or BS Pi 
water, commercial steel or wrought iron suffers about the same degree of AS 
corrosion same of éxposure, of the method 


the dials (5) for highly corrosive conditions where the first cost of the metal ae 
is not of importance, suitable alloys are now available, but in selecting such ae Ee 
an alloy for a particular purpose it is important first to study the environment __ 
and then to select an alloy containing the elements most likely to form a stable | 
surface film under the conditions of service.—Edward S. Hopkins. 


Identification and Control of Algae Types iu Water Supplies. L. B. MAn- _ 
cum. Water Works Eng., 82: 10, 607, May 8, 1929. Identification of algae is 
helpful as well as fascinating. If operator wishes to keep open reservoir 
situation in hand, he should keep quantitative records of the plankton. Sedg- — 
wick-Rafter filter is valuable for concentration. The word algae is often _ 
erroneously used as synonym for plankton. Author classifies the fresh-water _ 
algae. Blue vitriol never gave satisfactory results in settling basins and © 
storage reservoirs; so that chlorine is replacing it as an algaecide. As algae © — 
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require sunlight, the clearer the water, the deeper the growth will be found, 
In flowing water the free floating forms do not grow rapidly, but the filament- 
ous types are very luxuriant. Prechlorination seems to eliminate this type, 
A maximum chlorine dose of 1.0 p.p.m. in summer and 0.25 p.p.m. in winter 
has been sufficient to eliminate algae at Kansas City. Prechlorination elimi- 
nates Bryozoa from the filters. Chlorine is superior to blue vitriol for storage 
reservoirs. It can advantageously be added intermittently to the incoming 
water, at times when tests show the presence of algae. Trouble from most 
species may be expected if the number per cc. exceeds 1,000 and serious trouble, 
if it be over 10,000. Thirteen thousand Synedra per cc. in the Argentine reser- 
voir elicited no complaints from consumers on account of taste.— Lewis V. 
Carpenter. 


Services Should be Adequate in Size for Use Intended. D. T. Sauimon, 
Water Works Eng., 82: 10, 611, May 8, 1929. In Fort Wayne, Ind., a number 
of services are too small for satisfactory duty. A number of residences and 
houses have services only one-half inch; a large number, five-eights; and quite 
a few, three-quarter inch ‘‘Ys.’’ Three-quarter inch ‘‘Ys’’ have two five- 
eighth inch branches and are used for two services. All of the above should 
never have been used. New ordinance provides that no water service shall be 
installed with a diameter less than three-quarters of an inch; and that no more 
than one meter shall be placed on one service. Fort Wayne places main on 
one side of the street and charges both sides on the basis of what it would have 
cost if the main had been in the middle of the street. Great care is used to 
keep an accurate record of the location of services.— Lewis V. Carpenter. 


Corrosion and How to Prevent It. J. W. McAmis. Water Works Eng., 
82: 10, 585, May 8, 1929. A discussion of the chemistry involved in corrosion. 
Iron rust cannot exist in solution, but in suspension it causes red water. The 
electro-chemical theory explains more of the facts than any other. If we 
could eliminate oxygen from the water and prevent water from splitting into 
ions, corrosion would be eliminated. Iron rust (ferric hydroxide) forms a 
protective coating on metal if the velocity of the water is not sufficient to 
remove it. If rust adheres tightly nearly all of it will remain on pipe walls 
causing tuberculation. Lining pipe with cement is advisable. In hard alka- 
line waters, the rust is very hard and forms a protective coating of limestone 
on the walls. Corrosive waters can be made non-corrosive by the addition of 
lime. Lime makes water slightly harder, but prevents red water.— Lewis V. 


Typhoid Fever Epidemic in Olean. American City, 40: 5, 131-3, May, 1929. 
This is an abstract of a complete report by Dr. Marruras Nicout, Jr., New 
York State Commissioner of Health, to the Mayor and Common Council of 
Olean, N. Y., pertaining to the cause and responsibility for the serious out- 
break of typhoid fever which occurred in Olean, N. Y., in October 1928, which 
places the responsibility for the epidemic and makes recommendations for 
the prevention of a recurrence of such an epidemic. In general, it is shown 
that the Board of Water Commissioners of Olean did not exercise adequate 
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and detailed supervision over the chlorination of an auxiliary water supply 
from wells, abandonment of which had been advocated by the State Depart- 
ment of Health. ‘This well supply was temporarily seriously polluted through 
a break in a submerged pipe line passing under the polluted Allegheny river 
and conducting water at a negative pressure, and the inadequat« chlorination 
of the well water at the time was incapable of removing bacteria from the 
seriously polluted water. It is further shown that an alarming outbreak of 
diarrhea among the citizens was not heeded by the local Department of Health 
and that no attempt was made to warn the citizens to boil the water before 
consumption. Responsibility for the epidemic was, therefore, placed upon 
the municipality. Detailed recommendations were made, which in general 
are a8 follows: the abandonment of the auxiliary well supply; increasing the 
capacity of the filtration plant, which was not involved in the epidemic; the 
exercise of more diligence in the conduct of their office by the Board of Water 
Commissioners; the making of improvements and changes in the equipment 
and operation of the filtration plant; and the submission of detailed plans for 
an intercepting sewer and sewage treatment works for approval to the State 
Department of Health not later than January 1, 1930. [AssrrRacrTor’s Norge: 
It might be added that the city has assumed responsibility for this epidemic 
and has appointed a committee of leading citizens to hold hearings relative to 
damages. ‘The 1920 Legislature has authorized the issuance of a bond issue 
of about 350,000 for payment of these damages.|—Charles R. Coz. 


Specifications for Filter Sand and Gravel. Engineering and Researeh Divi- 
sion of National Sand and Gravel Association. American City, 40: 4, 92-93, 
April, 1929. This is a comprehensive review of research made by the National 
Sand and Gravel Association on the sand and gravel used at water filtration 
plants of a number of cities in this country. The studies indicate that sands 
have effective sizes ranging from 0.20 to 0.70 mm. and that the usual effeetive 
sizes range between 0.35 and 0.65 mm. Uniformity coefficients vary from 
about 1.25 to 2.50.—Charles R. Cox. 


Ownership of Water Meters. Bureau of Municipal Research of Philadel- 
phia. American City, 40: 4, 115, April, 1929. This is a digest of the results 
of a study of the meter situation in Philadelphia and concludes with a dis- 
cussion of the advantages of municipal ownership of meters.—Charles R. Coz. 

Air-Lift Well Supplies for Mesabi Range Towns in Minnesota. Jon Oui- 
PHANT. American City, 40: 4, 133-4, April, 1929. This is a deseription of a 
number of automatic air-life installations in the State of Minnesota, with 
special reference to the value of such installations in reducing eost of repairs, 
attendance, and power.—Charles R. Coz. 


Monroe Spends Seven Hundred Thousand Dollars on Water Works Improve- 
ments. M.P.Harcuer. American City, 40: 5, 93-95, May, 1929. The City 
of Monroe, La., recently completed the construction of a six million gallon 
per day filtration and pumping plant and extensive improvements in the dis-— 
tribution system, A dam and low service pumping station are being a“ «i 
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structed. This supply is somewhat unique in that the Ouachita river is pol- 
luted with salt water from oil fields of Arkansas, so that, in times of low stream 
flow, the chloride content is 2500 parts per million. A 600,000,000-gallon 
storage reservoir is being constructed. Water will be pumped from this 
reservoir by a low service pumping station to the Ouachita river, the source of 
supply. The plant has been designed for operation with a minimum personnel 
of one operator per shift, with the helper on one shift for janitor work. The 
chief operator is a trained chemist. The water purification plant includes 
aération, preliminary plain sedimentation, mechanical agitation for mixing 
the coagulants with the pre-settled water, secondary sedimentation and 
coagulation, filtration, and chlorination.—Chas. R. Coz. 


Selling Water Service. American City, 40: 5, 116, May, 1929. This short 
article describes the Fort Madison Water Company’s exhibit at the industrial 
exhibition recently held in the city and likewise recounts how the use of water 
was stimulated through ‘‘better lawns’’ contests conducted by the company, 
and other publicity procedures.—Charles R. Coz. 


Dresden’s Practice in Testing Water Meters in Place and in Examining Pri- 
vate Services for Water Losses (Das Dresdner Verfahren der ortlichen Wasser- 
messer-Untersuchung und der Aufsuchung von Wasserverlusten in den Privat- 
leitungsanlagen). VoLuLMAR and Barse. Gas.- und. Wasserfach, 15, 350, 
April 13, 1929. Realizing that much of the ‘‘unaccounted-for’’ water is a 
result, more or less, of the under-registration of meters, the Dresden water- 
works, in 1921, proceeded, under a properly arranged program, to test meters 
in place, this in addition to the usual bench tests. The place test consists 
essentially of insertion, either in front or behind the meter to be subjected to 
test, of a sensitive test meter arranged for recording the flow. This meter is 
usually left in place 24 hours and a comparison of the readings of the two 
meters indicates the amount of under-registration. The Recording Device, 
at the same time, provides a means to determine whether the line is tight or 
otherwise. The paper describes, in detail, the technique and practice of mak- 
ing such tests.—Richard F. Wagner. 


Steam Turbine Pumps of the Water Supply of the City of Berlin (Dampftur- 
bopumpen in der Wasserversorgung der.Stadt Berlin). B. RoseNFEeLp. Gas.- 
und Wasserfach, 13, 295, March 30, 1929. This paper is of value since it sets 
forth the experience of the City of Berlin in the operation of centrifugal pumps 
with direct steam turbine drive, and it is of interest since Berlin was one of 
the first cities to recognize the merit of steam turbine pumps as compared with 
the compound engine. The original installation of 1910 with 2000 r.p.m. is 
still in operation, no major repairs having been necessary. Operating statis- 
tics are quoted for steam turbine pumps of the Tegel Works, Lichtenberg 
Works, of the Stolpe Works, and of the ultra-modern Tiefwerder Works. Ber- 
lin now has in operation four old and 13 modern steam-turbine pumps with an 
aggregate capacity of 230,000 g.p.m. The efficiency of the more modern in- 
stallation is attributed to the progress in the production of precision gears, 
and to the knowledge gained from operating experiences applied to the design 
of new types.—Richard F. Wagner. 
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The Determination of Minute Quantities of Phenol in Water (Uber die Bes- 
timmung geringster Phenolmengenim Wasser. Mitteilung der Emschergenos- 
senschaft Essen). H. Bacu. Gas- und Wasserfach, 16, 375, April 20, 1929. 
The author brings out the fact that the usual test, based on the fundamental 
experiments of KoppEscHar is premised upon a concentration of phenol of not 
less than 1:3000, or 300 mgm./l. For smaller quantities, say to the limit of 1 
mgm./1., he cites the method developed by Korn. For the determination of 
more minute quantities the tests worked up by F. Hinpen and L. R. Vorce 
are recommended, particularly the latter, which though involving more work 

is considered much more exact.—Richard F. Wagner. 


The Pregel Water Works of the City of Kiénigsberg, Prussia (Das Pregelwasser 
werk der Stadt Kénigsberg i Pr.). R. Brucue and G. Satrier. Gas.- und 
Wasserfach, 11, 237, 12, 13, March 16, 23, and 30, 1920. The water supply of 
Kénigsberg was formerly secured from a group of impounding ponds, whence 
it was conducted in an open conduit to the water works plant, where it was 
purified by slow sand filters and sterilized with chlorine. Dry seasons, how- 
ever, demonstrated, as anticipated, the inadequacy of this supply, preliminary 
investigations leading to the assurance of a larger supply having been under- 
taken several years prior to the World War. Augmenting the supply by en- 
larging the existing works was investigated, but it was shown that the gain in 
water was small and out of all proportion to costs for land and necessary supply 
works. Since ground water sources could not be established and because the 
sub-surface material is not of sufficient porosity to permit the infiltration of 
water from the Pregel river, the possibility of using Pregel water direct was 
investigated. It was shown that this supply could be made acceptable by 
rapid sand filtration followed by chlorination. Aluminum sulphate was found 
satisfactory as a coagulant, being in this case equally as active as sulphate of © 
iron. During high water periods, when the Pregel is about two feet above 
mean water, there occurs the possibility of backing up of polluted water from = 
the City. This, however, happens seldom and lasts only for one or two days. 
This difficulty was overcome through the installation of pre-settling basins — 
with an 8-day settling period. The river supply to these basins is closed when- _ 
ever the gage approaches the 2-foot stage. Experiments demonstrated that —__ 
the addition of chlorine simultaneously with aluminum sulphate accelerated 
the reaction, chlorine dosage varying with temperature and condition of water. | 
After thorough mixing of coagulant with settled water, the supply reaches the — r 
coagulating basins, which are designed to furnish approximately 5 hours’ — 
subsidence. An interesting feature of these basins is that the sludge which — 
settles along a wide trough near the middle of the basin is drawn off daily by 
opening gates from a service tunnel located underneath the basins. Two clear- 
water basins are provided, fitted with baffles to prevent short-circuiting of 
the flow. In order to secure the most economical energy, comparative com- — 
putations of the cost of the various kinds of energy were arranged which 


dently: By reason of the favorable load curve, the local power nonce ig 
finally agreed to furnish current on the same basin: —Richard F. Wagner. 
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Corporation of Reading (England) Waterworks. Insertion of 16’’ Valve into 
Live Pumping Main. Water and Water Engineering, 31: 363, 105, March 20, 
1929. Because of a change from reciprocating to centrifugal pumps, the 
Reading Corporation Waterworks had to insert in the pumping mains suitable 
recording apparatus. The insertion of these meters on the new 16-inch lines 
presented some difficulties because these two lines are not controlled by any 
valve throughout their entire length. Certain other conditions, such as the 
wet character of the land in which they were laid and their location made this 
feat more difficult. The ‘‘under pressure’ system of inserting these meters 
was decided upon. Around the pipe is placed an L-shaped casing which con- 
tains a pipe cutter operated from the outside and, in the lower part of the 


“L,’’? a compartment for receiving the cut-out portion of the pipe. Within Fe 
the vertical leg of the ‘‘L,’”’ the valve to be placed in the main is fixed with wi 
suitable gears. After the cutting, the valve is lowered into position and bolted EI 
by means of externally operated studs through flanges attached to the main m 
before the outer casing is put into position. The operation described in this E 


article was successfully carried out, taking approximately 6 hours.— Arthur 
P. Miller. 


Ir 
f Mexborough Water Undertaking. Anon. Water and Water Engineering. in 
ve 31: 363, 113, March 20, 1929. It became necessary for Mexborough (England) sa 
fe to purchase a group of springs to augment the existing well water supply. in 
ie The water from this new supply is very pure, but contains an excessive amount co 
ae of inorganic salts. Consideration, therefore, was given to a method for so WI 
é softening it as to make it attractive to industrial concerns. It was finally de- su 
cided to install a Permutit base exchange system. A portion only of the total E 

supply will be softened to zero degrees of hardness and then blended with the 

remainder, so that the final hardness will be 10°. The writer describes the 
Permutit water softening units installed and also the method of regenerating Pr 
them.—Arthur P. Milles pr 

ovewod aid 

The Waterproofing of Concrete Structures. H. R. Lorpiy. Water and 
Water Engineering, 31: No. 363, 110, March 20, 1929. Structures which may A 
at some time require waterproofing fall into four general divisions: (1) Heavy la 
structures holding back high heads of water; (2) Lighter ones such as reservoir al 

walls and walls in damp or wet locations; (3) Artificial stone or concrete blocks 

used in exposed parts of buildings; (4) Foundation walls in contact with wet 
soil; concrete roofs and concrete cellar floors. The methods of waterproofing M 
these structures are, respectively: (1) Usual core materials, such as puddled Si 
clay, asphalt, pitch, and the like; (2) Membrane near the face of the water fa 
side of the wall; an admixture; or a combination of the two; (3) Inclusion of an (7 

admixture during the process of manufacture; (4) Application of a tarry or 

asphaltic paint, or a combination of paint and specified roofing. The article 
discusses admixtures and impregnating solutions briefly and then, at more (I 
length, the selection and cost of waterproofing methods. The method to be fe 
used should be determined only after a study of the materials available and tr 
the conditions under which they must be used.- It is necessary only to con- is 
sider cost when two or more methods are equally effective and are also equally of 


available.—Arthur P. 


= 


Miller. 
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JoInT RESEARCH COMMITTEE ON BOILER FEEDWATER STUDIES 


Corrosion of Boiler Plates by Water and Saline Solutions and Under Influence 
of Very High Pressures (Corrosion des téles de chaudiéres par l’eau et les solu- 
tions salines 4 hautes et trés-hautes pressions). Berri. Génie Civil (Paris), 
94: 8, February 23, 1929, pp. 192-193. Results of investigation covering effects 
of sodium sulphate, magnesium chloride, ete. Abstract of address before 
Société de Chimie Industrielle. (The Engrg. Index Service.) 


The Formation of Boiler Scale. E. P. Parrripar. Mich. Technic, 42: 5, 
February, 1929, pp. 5-6, 22 and 24, 2 figs. New theory of scale formation 
worked out by author in research conducted in Department of Chemical 
Engineering; importance of scale prevention is stressed from standpoint of 
maintaining safe boiler-tube temperatures; data on thermal effects. (The 
Engrg. Index Service.) 


Reducing Corrosion Trouble in Boilers. H.S. Rawpon and K. H. Logan. 
Iron Age, 123: 10, March 7, 1929, p. 666. Means of reducing corrosion trouble 
in boilers and allied equipment are discussed; steel which should be entirely 
satisfactory made worthless by brutal treatment it received during erection of 
installation; any operation tending to produce abrupt changes in structural 
conditions of steel should be avoided as potential sources of trouble; steel 
which has shown itself to have superior acid-resisting properties should be 
suitable. Abstract of paper before Mid-West Power Eng. Conference. (The 
Engrg. Index Service.) 


Priming and Foaming—Causes and Controlling Factors. A. L. Ruppsr. 
Power House (Toronto), 23: 5, March 5, 1929, pp. 34 and 50. Causes and 
prevention of discharges of water with steam. (The Engrg. Index Service.) 


Treating Waste Water From Reading Gas Plant. A. F. Kunsercer. Gas 
Age-Rec., 63: 1, January 5, 1929, pp. 9-10, 5 figs. New installation consists of 
large concrete tank, divided into three compartments by concrete partitions, 
and two large filter tanks; operation is described. (The Engrg. Index Service.) 


Boiler Feed Water. W. R. McAuuer. Planter and Sugar Mfr., 82: 11, 
March 16, 1929, pp. 205 and 219-220. Survey of feedwater used in Hawaiian 
Sugar Industry with reference to scale, condensed vapor, corrosion, and boiler 
failure. Paper presented before Association of Hawaiian Sugar Technologists. 
(The Engrg. Index Service.) 


Condensate as Boiler Feed. C. N. Riptey. Eng. and Boiler House Rev. 
(Lond.), 42: 8, February, 1929, pp. 406 and 408. Utilization of condensate as 
feedwater is of advantage in economy in water, in reduction of expense in 
treatment of hard well water, and as method by which danger of boiler scale 
is almost eliminated; contents of condensate; elimination of carbonic acid and 
of dissolved oxygen from condensate. (The Engrg. Index Service.) 
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Absorption of Oxygen by Alkaline Tannates. E. P. Facer and A. H. Rey- 
Noutps. Indus. and Eng. Chem., 21: 4, April, 1929, pp. 357-359, 2 figs. Results 
of study of absorption properties of various commercial alkaline tannates to 
compare relative efficiencies for use in boiler feedwater for prevention of cor- 
rosion. (The Engrg. Index Service.) 


Boiler Feed Water Treatment. W. D. Jarvis. Elec. Times (Lond.), 75; 
1950, March 7, 1929, pp. 349-351. Notes on deposition of solid matter; corro- 
sion; priming and foaming; embrittlement. (The Engrg. Index Service.) 


Boiler Water Troubles Avoided by One of Three Methods. H.C. Dinaer. 
Power, 69: 13, March 26, 1929, p. 511. Three principal methods in vogue for 
avoiding corrosion and scale in boiler tube are (1) by distilling make-up water, 
(2) by pretreating make-up feed by means of lime-soda, zeolite, and other 
external processes, and (3) by conditioning feedwater by reagents adde 
boiler or in feed as it goes to boiler. (The Engrg. Index Service.) 


d in 


Feedwater Treatment for High-Pressure Boilers (Le traitement des eaux 
d’alimentation des chaudiéres et les hautes pressions). G. Paris. Chaleur 
et Industrie (Paris), 9: 103, November, 1928, pp. 613-621. Analysis of boiler 
feedwater; discusses question of whether pure water is corrosive; action of 
soda on iron; action of chloride; influence of concentration; elimination of 
silicon; action of dissolved gas; caustic embrittlement. Bibliography. (The 
Engrg. Index Service.) 


Present Tendency of Boiler-Water Conditioning. R.E. Hauu. Fuels and 
Steam Power (A. 8. M. E. Trans.), 50: 3, September-December 1928, pp. 65-69 
and (Discussion) 69-75. Protection of boiler surfaces from scale formation is 
assured by maintenance of well-defined conditions in boiler water; essential 
conditions in water at various surfaces, namely, in contact with water below 
steam temperature, in contact with boiler water and steam generated there- 
from, and in contact with water and condensing steam. (The Engrg. Index 
Service.) 


Treatment of Feedwater for High-Pressure Boilers (Le traitement des eaux 
d’alimentation des chaudiéres 4 hautes pressions). G. Paris. Génie Civil 
(Paris), 94: 8, February 23, 1929, pp. 190-191. Abstract of paper previously 
indexed from Chaleur et Industrie, November, 1928, p. 613. (The Engrg. 
Index Service.) 


Boiler Feedwater Treatment with Colloids (Le traitement des eaux d’alimen- 
tation des chaudiéres par les colloides). A. Sauze. Pratique des Industries 
Mécaniques (Paris), 11: 10, January, 1929, pp. 429-432, 5 figs. Description of 
process for colloidal treatment of water to remove its impurities by adsorption; 
filtrator apparatus is treated. (The Engrg. Index Service.) 


Colloidal Treatment of Boiler Water. C. N. Ripiey. Power Engr. (Lond.), 
24: 274, January, 1929, pp. 6-7, 1 fig. Colloidal treatment of water depends 
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upon physical properties of colloids in adsorbing and absorbing salts as they 
are thrown out of solution in boiler; crystalline growth of precipitated salts 
is prevented, and they are rendered incapable of adhering to boiler; commonest 
sources of corrosion in boilers are acid-forming salts and dissolved gases; Fil- 
trator and Algor systems of treatment of feedwater are described; colloidal 
treatment in conjunction with water softening. (The Engrg. Index Service.) 


Concentration Control Provides Good Quality Boiler Feed Water. L. A. 
Fritze and E. W. Scarrir. Power, 69: 9, February 26, 1929, pp. 346, 349, 
4 figs. Correct condition of feedwater in conjunction with deconcentrating 
apparatus provides clean boiler water with low coefficient of insoluble concen- 
tration; presence of uncontrolled caustic in boiler water leads to embrittle- 
ment; type of concentration decides system; operating economy is governing 
factor; oil filters should be used with deconcentrating equipment. (T7'o Be 
continued.) (The Engrg. Index Service.) 


Combining the Zeolite Softener and Deconcentrator Gives Improved Boiler 
Water. L. A. Fritze and E. W. Scarrir. Power, 69: 10, March 5, 1929, pp. 
392-395, 5 figs. Zeolite-softened watér, when used for boiler-feed purposes 
introduces soluble salts that concentrate within boiler; importance of control 
of such concentration is emphasized by development of uncontrolled caustic 
and dangers involved; substitution of sludge for soluble concentration, using 
deconcentrating equipment for its removal, has introduced new method for 
boiler-water purification. (Continuation of serial.) (The Engrg. Index 
Service. ) 


Dissolved Oxygen in Boiler Feed Water. W.E.Smirx. Planter and Sugar 
Mfr., 82: 7, February 16, 1929, pp. 125 and 139-140. Information upon gas 
removal, as form of feedwater treatment for natural waters; carbon dioxide 
and oxygen accelerate corrosion; degasification apparatus may be designated 
as mechanical and chemical; method of titration. From Report of Assn. of 
Hawaiian Sugar Technologists. (The Engrg. Index Service.) 


Influence of Methods of Reheating Feedwater on Performance of Distilling 
Apparatus (Influence des methodes de réchauffage de l’eau d’alimentation des 
générateurs sur le mode de fonctionnement des distillateurs d’eau d’appoint). 
J. A. Coursis. Chaleur et Industrie (Paris), 9: 103, November, 1928, pp. 
581-584. Employment of high pressures and high temperatures is discussed; 
description of evaporator; reheating of feedwater; special case described of 
distillation in separate evaporator. (The Engrg. Index Service.) 


Economizers for Locomotives (Speisewasservorwaermer fuer Lokomotiven). 
Sr. Fetsz. Archiv fuer Waermewirtschaft und Dampfkesselwesen (Berlin), 
10, 2, February, 1929, pp. 64-65. Development of feedwater devices for locomo- 
tives is briefly considered, after which results are given of numerous trial runs 
carried out in Poland with different types of locomotives; these indicate that 
exhaust steam injectors of Friedman type give better results than piston 


pumps and economizers. (The Engrg. Index Service.) = 
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Modernizing the Mill and Power Plant. Paper Trade Jl., 88: 7, February 
14, 1929, pp. 38, 40, 42, 44 and 46, 1 fig. Review and presentation of suitable 
equipment aids and practices in boiler-water treatment; clarification of water 
filtration; prevention of scale formation; conditioning for high-pressure opera- 
tion; prevention of corrosion; removal of sludge, etc. ; prevention of wet steam; 
caustic-embrittlement control; benefits of boiler-water conditioning. (The 
Engrg. Index Service.) 


Biochemical Disintegration of Phenols in Natural Waters (zur Frage des 
biochemischen Abbaues von Phenolen in natuerlichen Waessern). H. Bacu. 
Gesundheits-Ingenieur (Munich), 51: 48, December 1, 1928, pp. 773-774. Re- 
port of chief chemist of Emscher Union on laboratory experiments demonstrat- 
ing natural decomposition of phenols which may be present on account of 
drainage from gas works, coke plants, and similar plants. (The Engrg. Index 
Service.) 


Cement Lining for Water Pipes. Pub. Works, 60: 2, February, 1929, pp. 
85-86. Abstract of report of committee of New England Water Works Assn. _ 
(The Engrg. Index Service.) ae 


A New Water Softening Plant. Colliery Guardian (Lond.), 138: no. 3561, 
March 28, 1929, pp. 1239-1240, 2 figs. Municipal water works at Mexborough 
installed Permutit base exchange system of water softening; method of treat- 
ment consists simply of filtration of water through bed of natural mineral with 
trade name of ‘‘Permutit,’’ plant capacity 20,000 gal. per hr., arranged to 
operate in 6-hr. cycles between regeneration; two horizontal units, each con- 
taining 50 tons of Permutit. (The Engrg. Index Service.) 


Mexborough Water Undertaking. Water and Water Eng. (Lond.), 31: 363, 
March 20, 1929, pp. 113-114, 2 figs. New water softening installation of Per- 
mutit system designed for capacity of 20,000 gallons per hour and arranged to 
operate in 6-hour cycles between regenerations, thus providing total quantity _ 
of 120,000 gallons of softened water between regenerations. (The Engrg. 
Index Service.) 


An Interesting Water-Softening Plant. Mech. World (Manchester), 85: 
2192, January 4, 1929, pp. 10-11, 1 fig. Details of large new water-softening 
plant of 10,000-gallons per hour capacity that has just recently been started 
up at Annesley depot (Nottingham) of London and North-Eastern Railway 
Co. supplied by Paterson Engineering Co.; design of Osilameter reagent feed 
gear. (The Engrg. Index Service.) 


Degasification of Water (Die Entgasung von Wasser). M. Evin. Gesund- 
heits-Ingenieur (Munich), 51: 50, December 15, 1928, pp. 801-806, 8 figs. | 
General discussion of mechanical and chemical methods for removal of carbon — 
dioxide and air from water; details of Aquapur methods and repre 
(The Engrg. Index Service.) 


hip 
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How Good Water Is Secured for a Blast Furnace Plant. T. J. Ess. Power 
Plant Eng., 33: 5, March 1, 1929, pp. 288-291, 6 figs. Plant supplies water 
for boiler feeding, cooling in processes, and other purposes at Massillon Works 
of Central Alloy Steel Corporation; chemicals received direct from railroad 
cars; arrangement of tanks; centrifugal lime and alum pumps lift their respec- 
tive solutions into sedimentation tank, where they are mixed with water under- 
going treatment; proportioning of chemicals; analyses of water in various 
stages. (The Engrg. Index Service.) 


Treating a Low-Hardness Water Saves $48,000 per Annum. Ry. Eng. and 
Maintenance, 25: 2, Feobruary, 1929, pp. 46-49, 7 figs. Rock Island RR. Co.’s 
new facilities to provide adequate supply for engine terminal and shops; in- 
cludes water-softening tank with capacity of 900,000 gallons, intake well 
equipped with traveling screen, and electrically operated apparatus for re- 
cording and indicating discharge of pumps and their remote control; pump 
house is equipped with two 5-inch centrifugal pumps driven by 75-hp. motors. 
(The Engrg. Index Service.) 


Apparatus for Controlling the Feed of Water into Boilers, Etc. Jonzs, 
Ricuarp G. U.S. 1,694,621, December 11, Chem. Abstracts, 23: 3, 660, Feb- 
ruary 10, 1929. (Chemical Abstracts.) 


Apparatus for Supplying Boiler Feed Water or Other Liquids in Regulated 
Quantities Regardless of Variations in Level in the Supply Tank. Rovcka, 
Ericu. U.S. 1,695,471, Dee. 18. Chem. Abstracts, 23: 4, 738, February 20, 
1929. (Chemical Abstracts.) = = © 

Apparatus for Supplying Disincrustants, Etc., to Steam Boilers. Bowick, 
J. R. and Bowrck, J. M. Brit. 288,710, January 11, 1927. Chem. Abstracts, 
23: 3, 660, February 10, 1929. A modification of the apparatus described in 
Brit. 253,194 (C.A., 21: 2403). (Chemical Abstracts.) 


Corrosion and Corrosion Protection as Related to the Chemical and Physical 
Characteristics of Water. Haase, L. W. Berlin-Dahlem. Gas- u. Wasser- 
fach 71: 1009-16, 1928. Chem. Abstracts, 23: 4, 922, February 20, 1929. The 
modern theory of corrosion is reviewed with special attention to corrosion by 
CO, and methods for its removal. Removal of free or aggressive CO; is best 
accomplished by lime water as marble does not neutralize much of the bicar- 
bonate acidity on account of the slight solubility of Ca(HCOs;)s, while lime 
water forms the normal carbonate. Under favorable conditions of low salt 
content and temperature, and with suitable mechanical arrangements, spray- 
ing in air will remove all but 3 to 5 mg. of CO. perl. This should precede lime 
treatment in water containing much CO:. The formation of a protective 
coating on cast iron in the presence of O is noted unless the water was too alka- 
line. Addition of Cl to a water disturbs the CO, equilibrium and may cause 
the formation of aggressive CO., and should precede the lime treatment. 
Agents for destroying Cl form HCl, upsetting the CO, equilibrium. Pure 
waters such asrain water have a “salt hunger’ and may takeup Pb. Fe oxide 
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particles act as centers for the deposition of Ca carbonate from water treated 
with lime and supersaturated with CaCO;. High salt content increases the 
apparent solubility of the CaCOs, thus preventing the formation of a coating, 
Treated waters form more adherent coatings than natural waters because of 
the formation of larger erystals of CaCO;. The addition of lime water to 
waters containing CO, has satisfactorily reduced corrosion—R. W. Ryan, 
(Chem ical Abstracts.) 
Device (Associated with the Smoke Box) for Heating and Purification by 
Steam Treatment of Feed Water for Locomotive Boilers. Srumpr, JOHANN. 
U. S. 1,699,998, January 22. Chemical Abstracts, 23: 5, March 10, 1929, 
1196. (Chemical Abstracts.) 


Dissolved Oxygen in Boiler-Feed Water. Smitu, Wm. E. Facts About 
Sugar, 23: 1194-5, 1928. Chemical Abstracts, 23: 5, March 10, 1929, page 1194. 
The corrosive effects of dissolved oxygen and methods of degasification of 
water are described. Dissolved oxygen is estimated by reduction with MnSQ, 
and iodometric titration with Na,S.0;.—M. J. Proffitt. (Chemical Abstracts.) 


Electrode and Associated Connections for Preventing Incrustation in Boilers, 
Condensers, Etc. Barser, J. G. Brit. 289,586, February 16, 1927. Chem. 
Abstracts, 23: 3, 660, February 10, 1929. Structural features. (Chemical 
Abstracts.) rani O be 

Gravity Pressure System and Apparatus for Continuous Chemical Treatment 
of Boiler Water While the Boiler is in Operation. McGui.u, Custer T. (to 
Reiter Co.). U.S. 1,694,331, December 4. Chem. Abstracts, 23: 4, 925, Febru- 
ary 20, 1929. (Chemical Abstracts.) 


Hydrogen-ion Control of Boiler Feed Waters. Anon. Intern. Sugar J., 
30: 475-6, 1928. Chem. Abstracts, 23: 1, 300, January 10, 1929. In sugar 
factories condensed water from the evaporators may contain varying amounts 
of sugar, which is decomposed in the boilers with the formation of organic 
acids, which injure the boiler plate. This can be avoided by maintaining the 
alkalinity of the water at the optimum pH which is between 9.5 and 10.0. 
Recently there has been introduced the Rees colorimeter for the control of the 
reaction of condenser and boiler feed waters. The instrument measures out a 
small quantity of indicator (phenolphthalein is recommended) and mixes it with 
another large quantity of liquid, i.e., the water under examination. After 
transferring the mixture to an observation tube, it is compared with a sliding 
color wedge. The pH of the boiler water being known one reads from a table 
prepared for the purpose the necessary volume of NaOH solution of suitable 
concentration to be added. Feed or boiler water must never become more acid 
than pH 4.5 since at this value H begins to be evolved from Fe at ordinary 
concentration of O.—W. L. Owen. (Chemical Abstracts.) 


Modern Views of the Formation and Prevention of Incrustations in Boilers. 
Stumper, Ropert. Bull. Soe. Chim. Belg., 37: ev-exii, 1928. Chem. Ab- 
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stracts, 23: 3, 658, February 10, 1929. A survey.—Albert L. Henne. (Chem- 
ical Abstracts.) 


Origin and Prevention of Corrosion in Boilers. WricLes, P. Chem.-Zig., 
52: 922-3, 1928. Chem. Abstracts, 23: 4, 922, February 20, 1929. Descriptive. 
—Albert L. Henne. (Chemical Abstracts.) 


Power Plant Efficiency Increased by Application of Chemistry. Dinarr, H.C. 
U. 8. Naval Acad., Annapolis. Power, 68: 714-6, 1928, Chem. Abstracts, 
23: 3, 658, February 10, 1929. A general discussion of feed-water treatment, 
protective coatings, and deaération.—D. B. Dill. (Chemical Abstracts.) 


Practical Points on Feed-Water Treatment. Gurst, J. Blast Furnace and 
Steel Plant, 16: 1461-65, 1928. Chemical Abstracts, 23: 5, 1193, March 10, 
1929. Water for the power plant should be (1) free from scale-forming solids, 
(2) free from corrosive properties, gaseous or otherwise, (3) free from a high 
concentration of solid matter likely to cause foaming, or priming, and exces- 
sive blow-down. Treatment with lime and soda with or without coagulants, 
with zeolites, or by combined methods, are used in accordance with the char- 
acter of the water to be treated. Dissolved gases are removed by increase of 
temperature either at atmospheric or reduced pressure. A constant check 
should be kept on the treated water.— Edward Bartow. (Chemical Abstracts.) 


Preventing and Removing Incrustation in Boilers. Nerney, G.S. and War- 
Kins, G. Brit. 287,196, November 12, 1926. Chem. Abstracts, 23: 2, 347, 
January 20, 1929. An a.c. is applied to the feed-water before it enters the 
boiler and another current of different phase and voltage to the shell of the 
boiler and water in the boiler. Various details of electrical connections are 
described. Cf. C.A., 22: 32. (Chemical Abstracts.) 


Preventing Boiler Incrustation. Cravicu, Giutio. Austrian, 109,461, 
December 15, 1927. Chem. Abstracts, 23: 4, 925, February 20, 1929. A device 
is described for causing a small current of water to pass from the boiler-feed 
pipe through a vessel containing a suitable reagent and to return, charged with 
reagent, to the main stream. (Chemical Abstracts.) 


ba Prevention of Scale and Corrosion in Boilers. Société des Perfectionne- 


ments Appliqués & |’Industrie. Fr. 640,465, February 10, 1927. See Brit. 
285,057 (C.A., 22: 4695). Chem. Abstracts 23: 4, 925, February 20, 1929. 
(Chemical Abstracts.) 


Purifying Boiler Feed Water. Scuinpi, Austrian, 110,070 
February 15, 1928. Chemical Abstracts, 23: 5, March 10, 1929, page 1196. 
The water passes through a container in which it is first treated with steam, 
for removal of gases, and then filtered through successive gratings of increas- 
(Chemical Abstracts.) 
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Sodium Aluminate Treatment for Boiler-Feed Water. Spritman, C. 0, 
Power, 69: 94-6, 1929. Chem. Abstracts, 23: 5, March 10, 1929, page 1194. A 
solution of Na aluminate in NaOH and soda ash is a powerful coagulant. 
When daily tests are made on each boiler for reaction and hardness, it is 
possible to maintain boiler-feed water approximately constant despite large 
fluctuations in raw water compounds. The advantages are less excess chemi- 
cals, less soluble salts, low hardness, less foaming, and less scale than result 
from other methods of treatment. Ina plant treating one million gallons per 
day the cost of chemicals ranges from $0.0258 to $0.0386 per thousand gallons, 
—D. B. Dill. (Chemical Abstracts.) 


Treating Boiler Water. Ostertac, Junius. U. S. 1,700,714, January 29, 
Chemical Abstracts, 23: 6, 1459, March 20, 1929. During normal operation 
of a boiler, sludge-containing water is continuously blown off and led to a re- 
gion of lower pressure while maintaining its heat content to generate steam; 
the generated steam is condensed, make-up water and remaining blow-off 
water are passed in separate streams in heat-exchange with each other, and the 
condensate added to the heated make-up water. U. S. 1,700,715 and U. 8. 
1,700,716 relate to similar processes and all three patents describe apparatus, 
(Chemical Abstracts.) 


Treatment of Boiler Water. Ratrpu E. Hatt (to J. M. Hopwoop). Can. 
284,637, November 6, 1928. Chem. Abstracts, 23: 4, 925, February 20, 1929. 
To inhibit foaming in steam boilers an antifoaming substance such as tannic 


tained in the water. Other antifoaming substances include alkaline earth 
metal, hydroxyl, and an organic substance having an antifoaming effect like 
that of the tannins; an alcohol, particularly monohydric alcohol; a wax as 
beeswax, carnauba wax, Chinese insect wax, spermaceti, wool fats or lanolin; 
oils as sperm oil, arctic sperm oil, castor oil, shark oil, cotton-seed oil, corn 
oil, wheat oil; cholesterol, or sterol-containing glucosides as found in various 
tree barks or roots. The antifoaming substance depends on the boiler water 
used. (Chemical Abstracts.) 
‘octal 


NEW BOOKS 


Salinity of the Water of Chesapeake Bay. R.C. Weuts, R. K. Bartey, and 
E. P. Henperson. Professional Paper 154-C. U. S. Geological Survey, 
March 14, 1929. After a short discussion of previous work on this subject and 
the method of determination used, the writer discusses the location of the 
stations at which samples were taken and, at some length, the variations of 
salinity over the bay as a whole and at single stations. Following that, a 
section is given over to a short review on the density of the water. The ex- 
position of this work is best understood by studying the tables and figures in 
the paper. Three figures are devoted to showing the salinity at stations over 
one complete year and one of the larger tables gives all the data on the salinity 
of the water at all the stations in the bay by date. In both these figures and 
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this last mentioned table the salinities for surface and bottom are given. The 
last table in the paper gives a complete record of the salinities and densities of 
the water at different depths at forty-one stations in the bay.—Arthur P. 
Miller. 


Proceedings of Eleventh Texas Water Works Short School, 1929. Newer 
Developments in Water Treatment. W.S. Manure. Pp. 40-46. Algae con- 
trol. Chlorine is used to augment the usual copper sulphate treatment. 
Artificially increased turbidity has been quite effective at Louisville, Ky. 
One plant in Europe reports decrease in algae formation on filter walls due to 
use of colored glass (especially green) in windows. Chlorination. A more 
general use of pre-chlorination with resulting greater bacterial removal and 
longer filter runs. Ammonia in combination with chlorine is used at Green- 
ville, Tenn., to combat tastes and odors. Chemicals. ‘‘Pebble’’ lime is 
credited with reduction in cost of chemicals for softening plants. Sodium 
aluminate as a coagulant has given good results in a number of plants. Chlori- 
nated copperas has been used at Elizabeth City, N. C., with favorable results. 
A number of chlorine compounds distributed under trade names have appeared 
on the market, but their use appears to be restricted to sterilization of small 
quantities in ‘“‘batches.’’ Sulphuric acid has been used to lower the pH to 
obtain better coagulation. Sulphur dioxide is used in combination with alum 
to decolorize water. Filter operation. Nothing of a revolutionary character 
has developed. Plant layout. The tendency is to base design on actual con- 
ditions at the particular place for which the plant is being built and to get away 
from ‘‘the old regular plant layout.’’ More plants are being built with me- 
chanical mixing devices. Water softening. Newer developments ;include 
greater use of sedimentation tanks with continuous sludge removal, use of 
carbon dioxide to prevent incrustation in pipes after treatment, return of 
sludge to incoming water, split chemical dosage, and excess lime treatment 
followed by recarbonation. Excess lime treatment for sterilization is used 
where chlorination is impracticable on account of the presence of phenolic 
wastes. Laboratory control. Continual experimentation is going on in the 
laboratory control of treatment processes. The use of hydrogen ion tests has 
been helpful. Brilliant green seems to offer certain advantages over the pres- 
ent media for fermentation studies of B. coli. Levine’s eosin-methylene blue 
method of differentiating between the aérogenes and coli groups is now a& 
standard procedure. Refined methods of turbidity measurement, continuous 
hydrogen ion recorders, and other devices are being introduced. A process 
known as electro-osmosis has been developed for the removal of sodium and 
potassium compounds from water. It is claimed that water as pure as dis- 
tilled water can be produced at less cost. Trend of Practice in Water Treat- 
ment. E. Surman Cuase. Pp. 35-40. Progress in treatment processes is 
reviewed. Today an unsafe public water supply is the exception rather than 
the rule, and the trend is toward the furnishing of a water of better physical 
and chemical quality. Greater stress is placed on high bacterial removals and 
the production of nearly sterile effuents with the aid of chlorine. More gen- 
eral use is being made of chlorine for purposes other than bacterial removal. 
Chemical treatment for the production of colorless, soft, and non-corrosive 
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waters is more complex and ingenious. Aération for the removal of tastes, 
odors, and dissolved gases is well established. Treatment plants are being 
designed with more attention to details affecting ease and flexibility of opera- 
tion. More recognition is being given to the necessity for efficient operation 
of treatment plants. Liability for Water-Borne Epidemics. Lewis O. Brern- 
HAGEN. Pp. 54-58. A brief discussion of the legal principles involved with 
representative cases, and a list of references. Cost of Cast-iron Pipe Construc- 
tion. Lewis A. Quietey. Pp. 66-69.. A review of three years’ experience in 
constructing 183.38 miles of cast-iron pipe (4- to 36- inches in diameter) in 
Fort Worth, Texas. Surface versus Ground Water Supplies for Municipalities, 
W. Kierstep. Pp. 73-82. A discussion of the factors involved in selecting 
a source of supply.—John H. O’ Neill. 


Hawaii. Surface Water Supply of Hawaii, July 1, 1923 to June 30, 1924, 
N. C. Grover, E. D. Burcuarp and M. H. Carson. Water Supply Paper 
595.—Arthur P. Miller. 


Pacific States. Surface water supply of the United States, 1924: Part 12, 
North Pacific slope drainage basins, Lower Columbia River basin and Pacific 
slope drainage basins in Oregon. N.C. Grover, F. F. Hensnaw and G. L. 
ParKeR. Water Supply Paper 594.—Arthur P. Miller. 
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